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ABSTRACT 


With  the  aim  of  evaluating  the  potential  of  napping  for  facilitating 
unimpaired  continuous  performance  over  long  periods,  four  interrelated 
studies  were  carried  out:  (1)  430  young  adults  were  administered  a  spe¬ 
cially  developed  questionnaire  to  elicit  nighttime  and  daytime  sleep  pat¬ 
terns.  Parametric  findings  are  reported.  (2)  Based  on  questionnaire 
responses,  supplemented  by  an  extensive  interview,  individuals  typical 
of  three  response  patterns  were  selected;  (a)  replacement  nappers--those 
who  use  daytime  sleep  to  make  up  for  lost  nighttime  sleep,  (b)  appetitive 
nappers--those  who  derive  psychological  benefit  from  daytime  sleep  re¬ 
gardless  of  fatigue,  and  (c)  confirmed  non-nappers — those  who  avoid  nap¬ 
ping  because  they  “feel  worse  afterwards  than  before.  *  A  subsample  of 
33  individuals  typical  of  these  three  groups  took  a  one-hour  afternoon  nap 
where  physiological  and  psychological  parameters  were  recorded.  (3)  These 
subjects  were  subsequently  requested  to  keep  a  H-day  sleep  diary  which 
permitted  a  more  detailed  analysis  of  the  relationship  between  daytime 
and  nighttime  sleep.  Several  interesting  and  reliable  differences  between 
these  groups  in  the  physiological  nature  of  naps  and  the  consequences  of 
napping  were  identified.  (4)  A  collaborative  study  was  carried  out  with 
the  University  of  Louisville  Performance  Research  Laboratory  to  evaluate 
the  effectiveness  of  two  short-term  cognitive  measures  used  in  our  past 
research  to  assess  the  restorative  effects  of  napping  on  performance. 
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In  conducting  the  research  described  in  this  report 
the  investigators  adhered  to  the  Institutional  Guide  to 
DHEW  Policy  on  Protection  of  Human  Subjects  as  outlined 
by  the  National  Institute  of  Mental  Health.  The  Research 
Review  Committee  of  the  Pennsylvania  Hospital  evaluates 
the  protocols  of  studies  being  conducted,  the  type  of  sub¬ 
jects,  method  of  recruitment,  screening  process,  as  well 
as  the  risks,  voluntary  participation  and  the  manner  in 
which  informed  consent  is  obtained.  The  procedures  were 
most  recently  reviewed  and  approved  on  November  27,  1974. 
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i.  INTRODUCTION 


At-'h.'fuximdU.Ty  one-third  of  our  life  is  spent  iii  sleep.  iJac:,  ; 

LIS  !s  iuinduu  .vitii  tfie  feeling  of  satisfaction  that  follows  a  go  j-J  n.j  s  '.- 
sIol  i  a.s  • 'ppii.sisi  tL>  the  t'nervating  experience:  rT  increasing  lati 

progio-osivo  (..hfiicuity  of  sustaining  effort,  and  the  acute  eiS'  ,  ir:!>u  t 
trial  ot'eniually  rolh.ws  from  a  lack  of  sleep.  Despite  the  cbvious 
rniportance  sleep  has  i^jr  man  and  animal,  the  known  deleterious  rfects 
of  sleep  Lieprivatuni,  and  the  apparently  obvious  relationship  botwa,  uit 
slei-p;  ana  leeovery  from  fatigue,  the  precise  physiological  cC'r.S'.  :;..enc<..s 
biought  ab'iijt  by  s k'ofi  nsmain  obs_ure.  Extcns’\'o  research  or.  i  tra  pas' 
,'h''  yi.'ars,  siimulated  by  the  observation  that  sleep  is  neither  a  passi'.u 
.1  er  a  unitaiy  !»henomenon,  has  produced  cons i .ierablo  information  abo.it 
t!ie  process  witliout,  however,  bringing  us  rnuo:.  cleser  to  answering  tui. 
auestirni  of  why  sleep  is  needed. 

ri'iough  th('  need  tor  sleep  is  ubiquitous,  the  manner  in  A'hich 
sleep  is  obtained  and  thc'  rituals  surrounding  it  'a-v  widely.  Similarly, 
I'm.  amouiii  of  sleep  r<  quired  foi  tvell  being  is  great--:  among  tim  v-.'ry 
yoinig,  stabilises  during  thc  middle  years,  and  declines  SL'uiiewh.zt  ;i'.  ol;i 
ayi'.  Though  general  facts  are  well  established,  it  is  the  individual 
dilferences  in  sleep  requirements  that  are  of  greatest  interest.  Many 
indivuluals  are  tibU'  to  get  along  without  any  difficulty  on  less  than  6 
hours  of  sleep  a  night,  whih’others  barely  manage  with  10.  Since  these 
differences  ajgjear  unrelated  t(,i  body  -weight,  six^  '-ir  obvious  iiietabL'lic 


■! 


processes,  it  seems  likely  that, whatever  necessary  physiological 


changes  are  wrought  by  sleep, individuals  differ  in  the  efficiency  with 
which  they  are  capable  of  bringing  about  these  changes. 

The  discovery  of  specific  sleep  stages  and  the  demonstration 
tnat  individuals  selectively  deprived  of  one  stage  are  unable  to  replace 
their  deficit  with  another  stage  of  sleep  also  suggests  that  specific 
components  of  sleep  are  necessary  for  effective  recovery  from  fatigue. 
Clearly,  however,  sleep  involves  more  than  simply  going  through  physi¬ 
ological  stages.  Thus, it  has  been  shown  repeatedly  that  patients 
suffering  from  insomnia  may  in  fact  have  normal  amounts  of  sleep--even 
with  an  appropriate  distribution  of  stages.  Nonetheless,  they  complain 
that  they  have  not  slept,  or  they  insist  that  they  do  not  get  enough  sleep 
and  yearn  for  a  good  night's  rest.  These  individuals  know  what  they 
moan  by  a  good  night's  sleep;  they  only  occasionally  have  this  exper¬ 
ience  and  bemoan  the  difficulty  of  getting  it  more  frequently.  Clearly, 
simply  going  through  the  physiological  stages  of  sleep  does  not  neces¬ 
sarily  bring  about  the  rejuvenation  which  each  of  us  hopes  to  experience 
as  we  begin  each  day  anew. 

Considering  the  little  we  know  about  the  basic  reasons  why  sleep 
is  required  and  he  biological  changes  it  is  supposed  to  bring  about, 
it  is  hardly  surprising  that  we  lack  reliable  information  about  basic  daily 
sleep  req'.iirernent.s ,  the  kinds  of  sleep  that  are  necessary,  how  the  dele¬ 
terious  effects  of  long-term  sleep  deprivation  can  be  minimized,  and  the 
like.  Thcr.e  anrl  many  related  questions  will  lend  themselves  to  ready 


i . 


resolution  only  when  the  biology  of  sleep  is  elucidated.  In  the  mean¬ 
while,  however,  a  nurr±)er  of  questions  of  both  practical  and  theoretical 
significance  about  the  nature  of  sleep  and  its  function  in  recovering  from 
fatigue  can  nonetheless  be  addressed.  As  we  have  pointed  out  previously, 
all  of  the  work  exploring  the  effects  of  sleep  deprivation  has  focused 
primarily  on  the  decrement  in  performance  over  time.  Our  interest,  on 
the  other  hand,  has  been  in  exploring  the  restorative  functions  of  sleep, 
in  particular  carefully  controlled  short  periods  of  sleep. 

While  most  individuals  prefer  periods  of  sleep  extended  over 
several  hours,  preferably  during  the  nighttime,  there  is  considerable 
anecdotal  evidence  about  the  effective  use  of  short  periods  of  sleep  to 
bring  about  rapid  recovery  from  fatigue, thereby  allowing  the  individual 
to  carry  out  difficult  and  demanding  tasks  for  sustained  periods  without 
sleep  of  the  usual  kind.  Thomas  Edison,  for  example,  thought  that  his 
invention  of  the  light  bulb  would  help  eliminate  one  of  mankind's  most 
extreme  forms  of  overindulgence — nighttime  sleep — presumably  by  doing 
away  with  nighttime  darkness!  He  was  known  to  have  worked  for  extended 
periods  of  time,  interrupted  only  by  brief  naps.  Winston  Churchill  is 
another  outstanding  example  of  an  individual  capable  of  sustained  per¬ 
formance  over  long  periods  of  time,  relying  almost  exclusively  on  napping 
as  a  means  of  recovery  from  fatigue. 

Napping  behavior  has  received  remarkably  little  attention  on  the 


part  of  sleep  researchers.  Nonetheless  it  appears  to  us  as  ideally 
suited  to  address  the  question  of  how  individuals  recover  from  fatigue. 


1 . 


There  are  wide  individual  differences  in  the  tendency  to  nap  and  the 
extent  to  which  individuals  are  willing  and  able  to  utilize  this  form  of 
brief  sleep  in  dealing  with  fatigue.  Furthermore,  napping  behavior 
shows  the  greatest  promise  for  making  possible  sustained  performance 
without  deleterious  effects  over  long  periods  of  time. 

More  so  than  nighttime  sleep,  napping  lends  itself  quitf  readily 
to  investigation,  and  it  is  possible  to  study  physiological  changes 
associated  with  napping  as  well  as  the  changes  in  performance  and 
subjective  experience  following  napping.  In  many  ways  we  believe  that 
the  study  of  subjective  changes  is  a  crucial  and  often  overlooked  approac' 
to  the  investigation  of  human  performance.  While  under  conditions  of 
extreme  deprivation  it  becomes  relatively  easy  to  establish  performance 
decrements,  under  most  test  conditions  even  individuals  who  are  seri¬ 
ously  fatigued,  and  whose  continuous  work  performance  might  well  be 
impaired,  would  nonetheless  score  within  their  normal  range  if  they  are 
motivated  to  carry  out  a  relatively  brief  test  procedure.  On  the  othier 
hand,  these  same  individuals  are  quite  capable  of  accurately  repi^n'ing 
feelings  of  fatigue  and  difficulty  in  maintaining  attention  long  bet' 
thc'se  experiential  changes  reflect  themselves  as  deficits  on  ob)<  etive 
criteria.  From  our  point  of  view,  then,  the  study  of  subjective  piorts 
is  in  part  an  important  extension  of  performance  measures;  in  part, 
however,  it  is  also  an  important  measure  in  its  own  right.  Thus  sub¬ 
jective  reports  are  highly  sensitive  to  changes  in  factors  such  as 


depression,  confusion,  anger,  fear,  and  the  like,  which  reflect  aspects 


of  what  is  generally  termed  morale.  Such  changes,  even  if  quite  extreme, 
are  hardly  ever  reflected  in  the  kind  of  performance  measures  employed  in 
the  laboratory  though  they  have  profound  effects  on  behavior  outsidi; 

. 'xperimental  settings. 

The  systematic  study  of  the  effects  of  short  periods  of  daytime 
sleep  on  recovery  from  fatigue  makes  it  possible  to  examine  concurrently 
physiological  changes,  performance  changes,  and  changes  in  more  subtle 
subjective  terms.  It  becomes  possible  to  address  questions  such  as  the 
nature  of  "a  good  nap"  as  opposed  to  a  nap  which  has  not  been  satisfy¬ 
ing  to  the  individual,  to  establish  what  psychophysiological  mechanisms 
may  be  responsible  for  the  good  nap,  and  how  it  helps  reduce  fatigue. 

One  important  projected  line  of  inquiry  is  to  determine  how  adequately 
individuals  who  use  the  nap  as  a  means  of  recovery  from  fatigue  are  able 
to  function  continuously  without  any  extended  periods  of  sleep.  Further, 
it  is  our  intention  to  identify  those  individuals  who  are  capable  of 
utilizing  naps  efficiently  in  order  to  ascertain  what  characterizes  their 
naps  as  a  prelude  to  the  task  of  training  other  individuals  to  nap 
effectively. 

The  present  report  will  briefly  review  the  limited  literature  on 
napping  and  then  focus  upon  the  major  studies  carried  out  during  the 
past  year.  These  studies  are  most  appropriately  divided  into  four  inter¬ 
related  but  separate  major  foci; 

1.  The  further  clarification  of  napping  patterns  in  the  normal 
population  based  upon  a  detailed  study  of  self-reported  questionnaires. 


This  oxtension  of  past  research  has  been  crucial  to  help  identify 
specific  patterns  of  napping  behavior. 

2.  The  report  of  a  laboratory  study  involving  33  individuals 
selected  as  "ideal  types"  of  appetitive^  replacement,  and  non-nappers. 
In  this  special  sample,  physiological  changes,  subjective  changes, 
and  reaction  time  changes  on  awakening  are  explored. 

3.  A  preliminary  study  based  on  extended  sleep  diaries  of  the 
selected  subsample  of  individuals  referred  to  above  to  help  determine 
the  function  of  the  nap  in  the  daily  life  of  this  population. 

4.  In  view  of  the  importance  of  appropriate  performance  tasks 
and  the  considerable  investment  of  effort  by  our  laboratory  to  design 
appropriate  measures  of  fatigue  useful  for  the  present  program  of 
research,  the  two  tasks  we  have  developed  were  compared  with  the  best 
available  measure  of  fatigue — continuous  work  performance. 

The  Study  of  Napping 

The  major  thrust  of  our  ongoing  work  has  been  concerned  with 
the  parameters  of  napping.  For  many  people  a  brief  nap  seems  to  have 
restorative  value  that  far  exceeds  the  length  of  time  involved.  While 
for  some  people,  napping  is  an  unpleasant  experience  and  an  undesir¬ 
able  waste  of  time,  for  others  it  is  a  necessary  and  sometimes  involun¬ 
tary  outlet  in  the  face  of  overwhelming  fatigue.  Still  others  would 
appear  to  integrate  a  nap  into  their  daily  life  style  as  an  important 


contribution  to  their  psychological  well-being.  At  the  height  of  tht,' 


mental  hygiene  movement  a  number  of  popular  and  scientific  articles 


advocated  the  nap  as  an  integral  part  of  mental  hygiene  and  of  equal 
importance  to  eating  habits  and  cleanliness  (Stegman,  1932;  editorial. 
Military  Surgeon,  1952).  However,  even  as  early  as  1900,  some  anec¬ 
dotal  data  suggested  that  the  benefits  of  napping  were  in  part  a  function 
of  the  time  of  the  day  the  nap  occurred.  Moyer  (1903)  reported  impres¬ 
sionistic  evidence  suggesting  that  afternoon  and  evening  naps  were  more 
beneficial  than  morning  naps. 

Contemporary  literature  about  napping  (which  will  be  reviewed 
only  cursorily  here)  has  been  concerned  with  three  general  issues: 
developmental  aspects  of  napping,  sleep  stages  during  napping,  and 
effects  of  naps  on  nighttime  sleep  parameters. 

Developmental  Aspects  of  Napping.  A  series  of  studies  has 
been  concerned  with  developmental  changes  in  sleep  patterns.  Some 
of  these  have  included  napping  time  as  part  of  the  total  24 -hour  sleep 
time.  It  is,  of  course,  well  known  that  napping  is  common  in  young 
children,  declines  through  adulthood,  but  may  increase  in  incidence  as 
old  age  begins  to  occur  (Chant  &  Blatz,  1928;  Kleitman  &  Engelmann, 
1953;  O'Connor,  1964;  Reynolds  &  Mallay,  1933;  Scott,  1931;  Tune, 
1969a;  1969b).  Daytime  napping  in  young  children  mostly  disappears  by 
about  five  years,  broadly  corresponding  with  the  beginning  of  school. 
Perhaps  not  coincidentally  this  is  also  the  time  that  sleep  disturbances 
first  begin  lo  uccur  in  some  young  children.  Although  the  incidence  of 


napping  increases  with  old  age,  the  total  24-hour  sleep  time  ef  tnt 


elderly  does  not  seem  to  differ  from  that  of  adults  in  the-  20-30  year 
old  range  (Lewis,  19b9).  Both  sleep  about  /.6  houi  s  per  24  h;--urs: 
about  5  percent  of  this  is  taken  up  by  napping  in  the  elderly.  Tuni^ 
(1969a)  reports  less  than  1  percent  of  sleep  time  is  tukcn  ;n  the  form 
of  naps  by  unselected  young  adults. 

Some  I’t  our  earlier  work  suggested  that  naps  contair.in:;  del'o 
sleep  may  be  non-benoficial,  and  that  habitual  nappers  may  nave 
learned  to  avoid  delta  sleep  during  their  naps.  There  are  no  ; 
reporting  whether  delta  sleep  occurs  in  the  naps  of  the  elderly,  out 
the  n'poriod  increased  frequency  of  napping  and  the  simultaneous 
decreased  frequency  of  delta  sleep  during  the  night  in  the  elderly 
(F'einberg,  Koresko  and  Heller,  1967)  suggest  that  delta  activity  may 
be  an  impuriant  variable  in  the  evaluation  of  sleep  quality. 

LEG  Sleep  Stages  During  Naps.  Another  series  of  napping 
studies  has  been  concerned  with  the  EEG  stact.'s  of  sleep  during  naps 
I't  vdi  tows  leiiqtli.s.  Studies  by  Maron,  Rcchtsi;ha l !l  r.  and  Ipcr’ 
(1964),  Webb,  Agnew  and  Slcrntnal  (196b),  '.\'ebb  and  Aynew  (i9t>“), 
Karacan,  Finley,  Williams  and  Hursch  (1970a),  Berger,  Walki :  ,  Scott, 
Magnuson  and  Pollack  (1971),  and  Lawrence  (1971),  using  various 
samples  and  different  lengths  of  nap>s  at  different  times  ot  the  morning, 
afternoon  and  evening,  have  in  rjencral  shown  the  following;  (a)  REM 
sleep  predominates 


in  moining  naps  and  in  tact,  a  morning  nap  seems 


to  be  a  continuation  of  night  sleep;  (b)  delta  sleep  does  not  typically 
occur  in  morning  naps,  but  is  progressively  more  likely  to  occur  during 
the  late  afternoon  and  evening  hours;  (c)  in  habitual  nappers  sleep  onset 
tor  a  nap  is  significantly  faster  than  their  sleep  onset  at  night,  a 
nighttime  onset  of  non-nappers;  (d)  like  nighttime  sleep,  REM  rarely 
occurs  at  the  onset  of  a  nap.  There  is  some  evidence  that  REM  er.set 
may  occur  a  little  sooner  during  naps  than  during  nighttime  sleep, 
particularly  if  the  nap  occurs  in  the  morning.  In  general,  depending 
upon  the  timi'  of  the  day,  EEG  sleep  oatterns  during  a  nap  lor  k  like 
corresponding  night  sleep  records.  Morning  naps  appear  to  be  a  con¬ 
tinuation  of  the  previous  night's  sleep.  However,  they  are  relatively 
infrequent,  accounting  for  only  about  4  percent  of  naps  in  over  4  00 
subjects  (Lawrence,  1971).  Late  evening  naps  may  be  equivalent  to 
the  beginning  of  regular  nighttime  sleep. 

In  our  own  earlier  napping  studies  most  of  these  findings  were 
confirmed.  However,  five  important  but  tentative  results  require  further 
investigation  in  our  current  work,  as  they  have  not  been  reported  in  the 
existing  literature. 

1.  Naps  that  terminate  by  suddenly  waking  the  subject  from 
delta  sleep  tend  to  lead  to  feelings  of  dissatisfaction  more  than  naps 
terminating  in  other  sleep  stages. 

7.  Some  nappers  seem  to  have  the  ability  to  "squeeze"  sleep. 

If  the  subject  knows  that  ht'  has  a  limited  time  to  nap,  he  is  likely  to 
cycle  through  stage  1  and  2  sleep  more  rapidly  than  if  a  corresponding 


length  ^>1  record  is  scored  for  a  subject  who  doi  s  r.ot  krow  hov/  l./r.g  nc- 
will  be  allowed  to  nap. 

3.  Depth  of  sleep,  the  subject's  satisfaction  with  the  nap,  ai.d 
rc'covery  from  subjective  tiredness  differed  for  nappers  and  non-nappers. 
T'lese  variables  were  also  related  differently  to  tht,  total  sleep  time  and 
tile  amount  of  stage  1  sleep. 

4.  Evidence  from  subjects'  estimates  of  nap  length  suggested 
that  nappers  may  not  consider  stage  1  as  a  part  ■:):  satisfying  sleep, 
whereas  non-nappers  include  stage  1  in  their  dennition  of  sleep. 

5.  Some  evidence  suggested  that  the  nap  among  some  habitual 
r.aiipeis  improved  their  psychological  well-being  and  helped  to  reduce 
anxiety.  This  finding,  and  related  anecdotal  co'idvince,  led  to  our 
growing  conviction  of  an  impiortant  distinction  between  v.'hat  we  haw, 
labeled  the  appetitive  and  replacement  nappci. 

Effect  of  Nap  on  Night  Sleep  Stages.  The  thii’d  series  of 
studies  concerned  with  napping  have  asked  questions  about  the  effects 
of  daytime  napping  and  nighttime  sleeping.  Those  studies  have  bot.  n 
limited  in  scope.  For  example,  Karacan,  Williams,  Finley  and  Huiscli 
(1970b)  found  that  although  morning  naps  did  not  affect  night  sleep, 
if  afternoon  naps  contained  stage  4  or  delta  sleep,  then  evening  sleep 
tended  not  to  contain  as  much  delta  sleep  as  usual.  They  suggested 
that  total  amount  of  delta  required  for  24  hours  may  be  a  constant;  a 


findinij  that  has  inti'restinq  implications  tor  ' 'Ui  own  findings,  as  wt  il 


as  the  relationship  between  the  amount  of  delta  in  naps  and  nighttime 


sleep  of  the  L'lderly. 

In  general,  these  studies  have  shown  relatively  few  conse- 
guences  of  napping  on  the  subsequent  night's  sleep.  There  is  some 
lendency  for  sleep  onset  to  be  delayed  following  a  long  nap  (Karacan 
't  al,  1970h)  but  an  earlier  study  based  on  subjective  reports  by 
Kleitman,  Mullin,  Cooperman  and  Titelbaum  (1937)  suggested  that  this 
may  be  a  function  of  the  length  of  nap.  They  reported  a  long  nap  inter¬ 
fered  with  sleep  onset  that  night,  but  a  short  nap  actually  led  to  faster 
sleep  onset  tnat  night.  In  a  sleep  diary  study  of  young  children.  Chant 
and  Blatz  (1928)  found  a  positive  correlation  between  daytime  nap  length 
and  nighttime  sleep  length  in  you;ig  infants  aged  one  to  three,  but  by 
the  age  of  five,  a  negative  correlation  was  found  suggesting  tnat  by  about 
the  fifth  year  napping  reduced  the  need  for  nighttime  sleep. 

Our  own  previous  studies  have  not  addressed  this  quesiion. 

\\\-  are  currently  exploring  the  effects  of  the  laboratory  nap  on  the  sub¬ 
jects'  reported  sleep  parameters — not  only  on  the  night  after  the  nap,  but 
also  for  the  night  before  the  nap.  It  may  be  just  as  important  to  ask  what 
characteristics  of  a  night's  sleep  lead  to  a  decision  to  nap  the  following 
day  as  it  is  to  ask  what  effect  the  nap  has  on  the  subsequent  night's 
sleep.  The  sleep  diary  study  reported  below  will  take  up  this  issue  in 
some  di'tail,  both  in  terms  of  the  effects  of  the  laboratory  nap  on  the  pre¬ 
ceding  and  subsequent  night's  sleep,  and  also  in  terms  of  those  days  in 
which  naps  di-i  or  did  not  occur  while  the  sleep  diary  was  being  ronij  letet 


Incidence  of  Napping.  Th(. re  have  b-  e  enu'r';  ,!ne(.r 
interesting  n-poris  .>n  ci^.'Ss-eultural  attitnd.-s  lo-.varas  i.di.pn,  i,  j 
elaiK  n  i._ldUv'in  tn  the  sit'sta.  1  awrenen:  ane.  Sheili  \  :  ;■ 

surprisinyly  that  tl-'o  freguency  of  napping  in  tn.-  college  aj,  p  cciiatn.  r. 
11!  Guatemala  (52  per  cent)  is  considerably  lower  than  it  is  in  coli.'ge 
SLudents  111  the  United  States  (76  percent)  in  suit.  ,.f  the  traci iiic cal 
siesta  Lime  in  Guatamala.  In  contrast,  laub  (i'i7_)  teuna  a  nigh  inci- 
dtence  of  napping  associated  with  the  Mexican  sn.sta:  7h  percent  ef 
Mexican  students  napped  tour  or  more  tinios  a  w.  .  h.  (ct'tntnte  1  to  a  sinn- 
lar  frequency  in  ordy  26  percent  of  Guatamalar,  students).  Cultural  atti¬ 
tudes  towards  napping  vary  a  great  deal.  T'lus,  .v  ule  tnr  Hindu  oehe'.'e 
that  a  daytime  nap  will  satisfy  some  of  his  nutritional  requirements,  the 
Tibetan  fears  a  daytime  nap  because  he  bclic'.ow'  it  will  lead  to  fever. 

It  seems  likely  that  many  of  these  cultural  aifterences  are  related  ii: 
geographical  end  economic  conditions  (see  als  ■  .dubi  rt  and  I  Gci; 

K.leitman  anc  Kieitman,  i'j53;  Murray,  1965). 

b-  .i?ra!  papor-anri-pencil  gucstior.naiie-  studies  have  adnri  ss  .  : 
thcmselvi:.s  to  the  question  of  typical  sleep  lencnh,  na;  lenut:',  and 
frequency  ot  occurrence  of  naps.  Studies  by  Klc  itniar.  ct  al  (i-vt), 

Cohen  (1944),  O'Connor  (1964),  Feldman  (1970),  Tun.  (lubOa),  C^  nrs.jy 
and  I.erner  (1974)  and  Lawrence  (1971)  would  srr'ni  to-  support  tile  follow¬ 
ing  generalinatkms ,  at  least  among  college  student  populatK^ns.  i'oung 
adults  typically  go  to  bed  at  about  12:45  and  awaken  at  about  h;  if, 
!'btaininq  about  7  5  hours  of  sleep.  While  mean  vain,  n  are  uprisinul'. 


consistent  across  studies,  several  authors  comment  on  the  considerable 
day-to-day  variability  in  sleeping  habits.  Lawrence  (1971)  has  shown 
that  nighttime  sleep  parameters  are  quite  different  on  weekdays  or  on 
weekends,  and  in  terms  of  whether  the  students  work  or  not.  Most  of 
these  length-of-sleep  figures  do  not  take  into  account  time  spent  napping. 

The  incidence  of  napping  is  more  difficult  to  evaluate  because 
of  different  ways  in  which  different  studies  have  asked  the  question. 
However,  most  studies  report  including  a  "never”  or  "very  rarely" 
category  of  napping  and  a  fairly  consistent  figure  of  about  4  0  percent 
typically  respond  as  non-nappers.  Napping  length  varies  from  a  few 
minutes  to  over  three  hours,  but  most  studies  report  a  broad  modal  nap 
length  of  slightly  longer  than  one  hour.  In  the  most  careful  survey 
conducted  so  far,  Lawrence  (1971)  found  naps  of  2  hours  or  more  in 
only  5  percent  of  the  460  subjects  who  reported  napping.  Lawrence 
also  observed  that  when  napping  time  is  added  to  night  sleep  time, 
the  total  length  of  sleep  per  24  hours  is  about  1/2  hour  longer  for 
habitual  nappers  (those  who  nap  more  than  once  a  week)  compared  to 
non-nappers . 

Recuperative  Effects  of  Sleep 

The  third  area  we  have  been  investigating  has  been  concerned 
with  the  beneficial  effects  of  sleep  and  the  measurement  of  the  recovery 
from  fatigue.  Most  of  the  studies  in  the  literature  that  have  been  con¬ 


cerned  with  the  effects  of  sleep  on  subsequent  waking  performance  have 


employed  a  sleep  deprivation  model  to  study  the  consequences  of  sleep 


loss  in  terms  ot  performance  and,  occasionally,  psychological  variables. 
They  have  involved  either  total  or  selective  sleep  deprivation  of  varying 
amounts.  Our  own  research  has  adopted  a  different  approach.  We 
have  sought  to  evaluate  improvement  in  performance  as  a  function  of 
sleep,  and  our  basic  model  has  been  to  compare  subjective  and  objective 
measures  preceding  sleep  or  napping  with  performance  after  the  com¬ 
pletion  of  the  sleep  or  nap  period.  In  other  words,  we  have  been  con¬ 
cerned  with  the  advantages  that  accrue  after  sleeping,  and  in  particular, 
after  having  a  nap. 

Much  of  our  previous  work  has  been  concerned  with  what  turned 
out  to  be  a  lengthy  and  difficult  problem  of  developing  appropriate  tasks 
to  measure  the  recovery  functions  of  sleep.  This  work  has  been  reported 
earlier.  The  development  of  these  tasks  led  to  a  collaborative  study 
with  the  Performance  Research  Laboratory,  University  of  Louisville, 
concerned  with  performance  and  recovery  from  fatigue  in  subjects  on  a 
4-hour-work,  4 -hour-sleep  continuous  performance  regime. 

In  summary,  our  aim  has  been  to  study  the  functions  of  sleep 
in  order  to  improve  the  efficiency  with  which  the  psychological  and 
physiological  benefits  of  sleep  can  be  obtained.  In  the  past  year  wc 
have  carried  out  a  major  investigation  on  the  nature  of  napping,  empha¬ 
sizing  differences  between  those  who  derive  considerable  satisfaction 
from  regular  napping  and  those  who  avoid  napping  apparently  because  of 
its  undesirable  consequences  for  them.  As  well  as  a  large  sample 


l: 


questionnaire  survey  on  napping  (N  =  430),  we  studied  nappers  and 
non-nappers  in  a  standard  sleep  laboratory  daytime  napping  study. 
In  addition  we  engaged  in  a  collaborative  performance  study  on  the 
recuperative  effects  of  shortened  sleep  cycles  on  a  continuous  work 
regime.  Each  of  these  areas  of  research  is  described  below. 


2 .  THE  PARAMETERS  OF  NAPPING 


The  ongoing  research  program  has  provided  insights  into  poten¬ 
tial  differences  in  the  habitual  sleep  patterns  of  people  who  nap  and 
those  who  do  not.  However,  very  little  is  known  about  the  subjective  as¬ 
pects  of  the  napping  experience.  In  our  exploratory  work,  it  became 
clear  that  people  have  quite  divergent  views  about  why  they  do  not  nap 
very  often,  citing  many  reasons  ranging  from  lack  of  time  and  difficulty 
in  falling  asleep,  to  adverse  psychological  or  physical  consequences, 
and  so  on.  Similarly,  some  people  nap  to  make  up  for  previous  (or 
anticipated)  loss  of  sleep  time.  Others  seem  to  nap  more  as  a  life  style 
than  for  reasons  of  fatigue.  Yet  others  attempt  to  use  napping  as  a 
means  of  relieving  the  tensions  of  everyday  living.  For  some  people  the 
nap  seems  to  have  some  psychodynamic  significance  rather  than  merely 
serving  as  a  means  of  recovering  from  fatigue.  Even  more  striking  are 
the  extreme  individual  differences  in  attitudes  towards  daytime  sleep  and 
behavior  related  to  napping.  , 


The  Napping  Questionnaire 

An  exploratory  questionnaire  was  devised  to  serve  two  quite  dif¬ 
ferent  functions.  First,  we  wished  to  find  out  more  about  napping,  and 
about  the  choice  not  to  nap.  While  there  were  a  number  of  areas  in 
which  the  same  kind  of  information  was  required  from  all  participating 
subj(5cts,  for  subjects  who  did  not  nap  some  of  these  questions  were  not 
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meaningful.  Thus,  it  is  awkward  to  be  asking  a  non-napper  about  thi-  time 


he  takes  his  regular  naps  and  his  reasons  for  napping.  Consequently, 
one  section  of  the  questionnaire  was  developed  to  ue  completed  by  those 
who  considered  themselves  to  be  frequent  nappers;  another  for  those 
who  labeled  themselves  as  non-nappers. 

The  second  purpose  of  the  questionnaire  was  to  select  subjects 
who  represented  reasonably  pure  types  of  napping  patterns .  This  would 
include  confirmed  non-nappers  as  well  as  two  types  of  nappers;  (a) 
those  who  nap  primarily  for  sleep  need  or  replacement  reasons  --making 
up  for  sleep  lost,  or  in  anticipation  of  lost  sleep;  (b)  those  whose  reasons 
for  napping  were  more  psychological  or  appetitive,  and  in  whom  fatigue 
does  not  appear  to  be  the  important  consideration  for  most  of  their  naps. 
While  it  is  possible  that  many  people  nap  for  a  combination  of  both 
appetitive  and  replacement  reasons,  our  aim  was  to  identify  relatively 
pure  groups  available  for  the  proposed  laboratory  daytime  sleep  study  re¬ 
ported  below. 

The  questionnaire  contained  a  broad  spectrum  of  questions  with 
several  different  answer-formats  required  to  aid  convenient  quantifica¬ 
tion.  '■  The  napping  questionnaire  (see  appendix)  is  divided  into  three 
sections . 

Part  I:  The  first  section  asks  general  questions  about  subjective 
sleep  satisfaction  and  the  overall  quality  of  sleep,  as  well  as  specific 
questions  to  provide  estimates  of  quantitative  sleep  parameters.  Some 
question;-,  were  expected  to  relate  to  the  case  of  voluntarily  controlling 
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sleep  onset  under  a  variety  of  circumstances,  which  is  the  broad  dimension 
under  which  our  previous  work  has  indicated  that  napping  may  be  sub¬ 
sumed. 

The  final  question  in  this  section  was  "Do  you  take  catnaps  dur¬ 
ing  the  day?  "  The  subject  was  required  to  respond  on  a  5 -point  scale 
(5  =  always;  1  =  never).  Depending  on  the  answer  to  this  question,  sub¬ 
jects  proceeded  to  either  the  green  Part  2 ,  or  the  blue  Part  3  sealed 
sections  of  the  booklets.  If  a  subject's  answer  to  the  napping  question 
was  either  "rarely"  or  "never,"  indicating  that  he  rarely  or  never  took  cat¬ 
naps,  he  was  requested  to  complete  the  sealed  green  section  of  the  ques¬ 
tionnaire,  If,  however,  he  answered  "always,"  "usually,"  or  "some¬ 
times,"  indicating  that  he  catnapped  on  at  least  some  occasions,  he 
was  requested  to  break  the  seal  on  the  blue  section  and  complete  only 
that  section. 

Part  II:  This  section  was  answered  by  subjects  who  responded 
that  they  "rarely"  or  "never"  took  catnaps.  The  subjects  answered  ques¬ 
tions  concerned  with  why  they  did  not  nap,  as  well  as  providing  informa¬ 
tion  about  the  time  during  the  day  when  they  were  either  most  tired  or 
most  alert,  under  what  conditions  they  might  consider  taking  a  nap, 
and  any  differences  they  felt  existed  between  napping  and  sleeping. 

Some  of  these  questions  required  answers  based  on  the  24-hour  clock, 
some  on  a  rating  scale  on  which  5  indicated  "definitely  applies,"  and  1 
indicated  "irrelevant"  or  "does  not  apply.” 
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Part  III:  This  section  was  filled  out  only  by  people  who  re¬ 
sponded  that  they  do  nap  at  least  sometimes.  Information  was  obtained 
about  their  reasons  for  napping,  time  spent  napping,  and  the  conse¬ 
quences  of  napping.  Questions  were  included  to  distinguish  between 
the  two  different  kinds  of  nappers,  described  below,  that  we  were  in¬ 
terested  in  studying. 

Subiects-~Oriqinal  Selection  Sample 

The  specially  designed  napping  questionnaire  was  administered 

2 

to  a  large  introductory  psychology  class.  During  a  break  in  the  2 -hour 
class,  512  volunteers  filled  out  a  receipt  for  $2,  which  they  found 
located  under  their  seat.  .\ny  student  who  chose  to  participate  in  the 
"sleep  survey"  by  completing  the  questionnaire  on  his  own  time  was 
given,  in  exchange  for  this  signed  receipt,  a  stamped  envelope  addressed 
to  the  laboratory  which  contained  $2,  the  napping  questionnaire,  and  the 
standard  informed  consent  form  used  by  the  laboratory.  The  subjects 
completed  the  napping  questionnaires  at  their  leisure  and  mailed  them  to 
the  laboratory.  Between  the  class  date,  11/8/73,  and  an  arbitrary 
cut-off  date  of  the  start  of  the  next  semester,  1/21/7  4,  430  question¬ 
naires  were  received.  Three  weeks  after  the  last  questionnaire  was  re¬ 
ceived,  a  letter  reminder  was  sent  to  the  82  outstanding  subjects,  and 
30  second  n minders  were  sent  about  5  weeks  later.  Valid  question¬ 
naires  were  returned  by  474  (93  percent)  of  the  512  students  who  attended 
the  class. 


but  only  the  initial  430  (representing  84  percent  of  the  distributed 


questionnaires)  were  included  in  the  data  analysis  reported  in  this 
section. 

Of  the  430  subjects,  261  (60.7  percent)  completed  the  blue  sec¬ 
tion  for  nappers,  while  the  remaining  169  (39.3  percent)  filled  out  the 
green  non-napper  section.  Detailed  comparisons  between  these  non- 
nappers  and  nappers  will  be  reported  below. 

Criteria  for  Laboratory  Napping  Study 

This  questionnaire  was  also  used  to  select  the  subjects  who 
would  meet  specific  criteria,  thereby  qualifying  to  be  invited  to  nap  at 
the  laboratory.  Based  on  the  results  from  earlier  pilot  samples,  specif¬ 
ic  criteria  were  set  up  in  order  to  identify  those  subjects  who  would 
qualify  for  inclusion  in  one  of  the  three  different  groups  in  the  study. 
These  criteria  were  defined  exclusively  in  terms  of  specified  responses 
to  the  questionnaire.  Not  all  qualified  subjects  could  actually  be  in¬ 
vited  to  the  laboratory,  either  because  of  their  expressed  unwillingness 
or  unavailability  when  they  filled  out  the  informed  consent  form  or 
because  a  mutually  convenient  schedule  could  not  be  worked  out. 

Consistent  Nappers.  The  consistent  napper  had  to  indicate  (blue 
section,  question  1)  that  he  napped  with  a  frequency  of  at  least  once  a 
week  (or  four  times  a  month).  In  addition,  in  response  to  the  question 
(blue  section,  question  18)  "Do  you  find  that  naps  are  generally  very 


satisfying?"  the  subject  was  required  to  answer  "Definitely  Yes"  or 


"Possibly  Yes. "  Nappers  who  did  not  meet  these  criteria  were  con¬ 
sidered  to  be  inconsistent  nappers  for  the  purpose  of  the  study.  Based 
on  these  criteria,  62  nappers  were  classified  as  inconsistent  nappers, 
leaving  199  consistent  nappers  (76  percent  of  all  nappers).  Of  the  261 
nappers,  3  percent  indicated  they  "always"  napped,  21  percent  indi¬ 
cated  they  "usually"  napped  while  76  percent  marked  "sometimes." 

Consistent  nappers  were  then  further  divided  into  two  subgroups, 
appetitive  (N  =  43)  and  replacement  (N  =*  156)  nappers.  Subjects  were 
considered  to  be  appetitive  nappers  if  their  answer  to  (blue  section, 
question  27)  "Do  you  nap  even  when  you  do  not  feel  very  tired?"  was 
either  "Definitely  Yes, "  or  "Possibly  Yes. "  However,  a  subject  was  con¬ 
sidered  as  a  replacement  napper  if  he  answered  "Possibly  No"  or 
"Definitely  No"  to  this  question  (#27). 

In  summary,  a  subject  qualified  as  a  potential  napper  for  the 
laboratory  study  if  he  napped  more  than  once  a  week  and  found  that  naps 
were  generally  satisfying.  He  was  further  designated  as  an  appetitive 
napper  if  his  naps  did  not  necessarily  occur  in  response  to  feeling 
tired,  or  as  a  replacement  napper  if  he  indicated  he  napped  mostly  when 
he  felt  tired. 

Consistent  Non-Nappers.  Of  169  non-nappers,  135  answered 
they  "rarely"  napped,  and  only  32  (19  percent)  answered  that  they  "never" 
napped.  It  became  clear  that  there  were  several  kinds  of  people  who 


labeled  theniscd ves  as  non-nappers.  For  example,  one  group  ot  subjects 


clearly  indicated  that  they  once  did  nap  regularly,  but  no  longer  do  so. 
The  previous  period  of  napping  was  sometimes  associated  with  specific 
factors  like  illness,  pregnancy,  or  childhood,  but  in  many  instances 
there  were  periods  in  the  subject's  life  when  he  napped  frequently  for 
reasons  other  than  the  transient  special  conditions  mentioned,  (Some  of 
the  characteristics  of  non-nappers  who  once  napped  will  be  discussed 
below.)  It  was  felt  that  these  subjects  were  not  necessarily  representa¬ 
tive  of  the  typical  confirmed  non-napper  unless  the  occasional  napping 
occurred  only  in  the  context  of  a  natural  situation  like  pregnancy  or  ill¬ 
ness.  We  were  concerned  only  with  locating  subjects  who  did  not  nap 
because  of  a  strong  emotional  conviction  that  they  did  not  find  napping 
beneficial  or  satisfying. 

Confirmed  non-nappers  were  thus  required  to  answer  "No"  to  the 
question  (#3,  green  section)  "Was  there  a  period  of  time  when  you  did 
take  naps  at  least  sometimes?"  Two  other  questions  (green  section, 
question  1,  parts  K  and  L)  were  also  critical  in  defining  these  habitual 
non-nappers:  "Napping  produces  unpleasant  physical  aftereffects."; 
"Napping  produces  unpleasant  mental  aftereffects."  These  were  rated 
by  the  subjects  on  5-point  scale  questions.  Both  of  these  questions  had 
to  be  rated  3,  4,  or  5,  indicating  that  the  reason  applied  to  the  subject 
at  least  some  of  the  time.  Alternatively,  at  least  one  of  these  ques¬ 
tions  had  to  receive  a  rating  of  4  or  5. 

In  summary,  the  confirmed  non-nappers  who  were  potentially 
availabh.'  to  Ih'  selected  for  the  laboratory  study  reported  they  hardly 


Z3  . 

over  nap,  at  least  in  part  because  tor  them  napping  produces  un.uh'doant 
physical  and  mental  afterot'tects .  Only  13  ox  tiu'  Ibt)  non-nappi;! 
jeets  mot  these  stringent  criteria. 


Results 

Sleep  Parameters  of  Nappers  and  Non-Nappers 

Table  1  presents  self-reported  parametric  data  for  all  of  the  nap¬ 
pers  and  non-nappers  concerning  evening  and  morning  sleep  and  arousal 
time.  Questions  regarding  when  the  subject  felt  sleepy,  went  to  bed, 
tell  asleep,  awoke,  got  out  of  bed,  length  of  time  slept,  were  all  asked 
both  in  reference  to  "last  night”  and  "usually."  Although  correlations 
between  "last  night”  and  "usually"  responses  were  typically  around  .50, 
it  could  not  bo  expected  that  any  single  night  of  sloop  in  a  collc'gc  popu¬ 
lation  would  relate  to  overall  sleep  piatterns.  Indeed  ,  rosponst  varia¬ 
bility  was  probably  the  most  noticeable  aspect  ot  the  data  roport''(i  in 
Table  1.  The  data  in  Table  1  reflects  response  to  "usual"  patterns. 

In  general,  typical  parameters  of  going  to  sleep  and  waking  up 
wore  not  very  different  for  nappers  and  non-napper.s .  Both  groups  report¬ 
ed  typically  sleeping  7  hours  and  2b  minutes:  all  subjects  averaged 
7  hours  and  22  minutes  "last  night."  The  standard  deviation  of  "lar.t 
night"  (1  hour  and  51  minutes)  was  significantly  greater  ( £  =  3  .  lb; 
p  <  .001)  than  lor  the  typical  night  (1  hour  and  25  minutes).  This  might 
suggest  that  tlie  typical  night's  parameters  include  sleep  pattf'rns  tiiat 


contain  iitcgular  hours  (such  as  weekends),  but  ttu'  nappers  may  havt 


TABLE  I 


24 


Comparison  of  Self-Reported  Sleep  Parameters 
in  Non-Nappers  and  Two  Kinds  of  Nappers 


All  Ss 

Qualified  Ss 

★  * 

1 

1 

Non- 

Napper 

Napper 

Non- 

Napper 

Napper 

Appet.  Replace 

Reported  Time 

BBini 

N-2  61 

N-43 

N=156 

Time  very  sleepy 

23:49* 

23:13* 

22:35 

23:19 

Time  go  t...  bed 

00:43 

00:46 

00:20 

00:49  ! 

) 

Time  fall  asleep 

01:04 

01:02 

01:26 

00:39 

1 

01:01 

Time  woke  up 

08:23 

08:28 

08:52 

08:33 

08:25  j 

1 

Time  out  of  bed 

08:32 

08:43 

08:59 

1 

08:39  : 

Hours  slept  last  night 

7:28 

7:19 

7:33 

1 

7:11  1 

sleep  regularly 

7:28 

7:25 

7:38 

7:31 

7:27 

Hours  sleep  like 

8:26 

8:34 

8:36 

8:33 

8:35  ! 

1 

Hours  sleep  need 

7:50 

7:58 

7:53 

8:05 

-  1 

Minutes  to  fall  asleep 

:20 

:21 

:20 

:23  _ 

1 

:  1 8  1 

Note.  -  -All  data  reported  in  hours  and  minutes  {2  4-hour  clock -time) . 
<  .05  All  othk  r  t-test  comparisons  insignificant. 


**AI1  F-ratios  comparing  3  groups  insignificant. 


already  adjusted  this  typical  time  *-0  take  into  account  any  nap  they  n.ay 


sometimes  take.  The  only  variable  differentiating  tne  two  groups  was  the 

question  about  "What  time  do  you  usually  feel  ver>^  sleepy  at  nignt 

Nappers  report  doing  so  2 fa  minutes  earlier  than  non-nappers  (t_“  2.fa4: 

,  3 

£<  .01),  but  they  both  report  typically  going  to  bed  within  2  ir.inutes 
of  each  other  (at  about  12:46  a.m.). 

'['he  answers  to  most  of  these  questions  were  typically  n.ore  vari¬ 
able  for  the  napper  subgroup.  It  is  not  known  if  the  variability  is  a 
function  of  taking  daytime  naps  on  some  days,  but  it  is  consistent  with 
the  nappers'  greater  control  of  the  sleep  process. 

There  are  no  significant  correlations  between  the  question  about 
napping  frequency  and  these  typical  sleep  parameters. 

It  is  of  some  interest  that  subjects  obtain  about  7  hours  and  2o 
minutes  of  sleep,  would  like  to  have  over  8  hours  and  49  minutes,  but 
foci  they  need  7  hours  and  55  minutes  of  sleep  (each  of  these  values 
differs  significantly  from  each  other).  Globus  (1969)  similarly  found 
that  51  subjects  slept  7.1  hours,  but  reported  they  needed  b.l  hours: 
however,  these  were  specially  selected  subjects  who  obtained  excessive¬ 
ly  long  sleep  (exceeding  10  hours)  at  least  once  a  week.  He  attributed 
the  greater  "sleep  need"  as  a  symptom  of  excessive  sleeping,  but  our 
results  ;.how  that  tnis  is  a  typical  feeling  among  college  students. 

Sleep  Satisfac tion  in  Nappers  and  Non-Nappers 

Table  2  summarizes  the  responses  on  the  first  part  of  the  napping 
questionnaire  of  naepers  and  non-nappers  to  a  number  of  characteristics 
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TABLE  2 

Comparison  of  Subjective  Night  Sleep  Characteristics 
in  Non-Nappers  and  Two  Kinds  of  Nappers 


All  Ss 

[  Qualified  Ss  | 

_ _ _ 1 

Variable 

Score 

Non- 

Napper 

N=169 

1 - 

1 

Napper 

N=261 

£< 

I 

Non- 

Napper 

N=13 

Appet . 

Napper 

N=43 

Replace .  j 
Napper  ' 
N=156  j 

Sleep  as  deeply  as  you 
like 

Ye3=l 

.71 

.05 

t  .69 

.  74 

.  82 

Wake  up  slow,  lethargic 

,67 

.05 

.69 

.72 

.75  1 

1 

Sleep  well  last  night 

.83 

— 

.77 

.72 

.83  j 

1 

Sleep  well  u.sually 

.82 

.  10 

.85 

.84 

1 

i  -91 

Could  sleep  now 

.50 

.0001 

1 _ 

.46^ 

L- _ _ _ 

. •!!_] 

.78 

Wake  up  during  night 

Always 

2.57 

2.45 

2.69 

2.56  ! 

2.44 

Fall  asleep  easily 

=  5 

1 

3.36 

3.60] 

3.54 

3.57 

1  3.65 

Sometimes  sleep  too  long 

2  .41 

2.16 

2.85 

2.67 

2.40^ 

Sometimes  sleep  too  short 

3.29 

3.51 

.001 

3  .38 

3.47 

[  3.53 

Sleepwalk 

1.14 

1.14 

! 

1.23'^ 

1.3  5*^ 

1 

Sleeptalk 

1.93 

2.05 

— 

2.15 

2.19 

j  1.95 

Find  sleep  satisfying 

4.20 

4.28 

— 

4.31 

4.12 

j  4.39 

Difficulty  falling  asleep 

2,64 

2.56 

— 

2.62 

2.79 

2.44^  i 

1  ! 

Are  you  deep  sleeper 

3.47 

3.61 

— 

3.38 

3.60 

■3.63  i 

Take  catnaps* 

1.83 

3.28 

.0001 

1.54^ 

,  .  ,  h 
3  .  g  1 

1  i 

Note. — A  superscript  indicates  that  the  subgroup  differs  from  at  least  one  if  the  other 
subgroups.  No  superscript  indicates  that  the  subgroups  do  not  differ. 

*(Jn(!  of  the  selection  criterion  variables;  non-napper  (iroupi  mu st  difftm  trom  the 
napping  Ss . 
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related  :o  evening  sleep.  In  spite  of  the  lack  of  differences  in  the 
amount  of  sleep  typically  obtained  at  night,  there  were  predictable  dif¬ 
ferences  between  nappers  and  non-nappers  in  their  subjective  attitudes 
towards  and  satisfaction  with  sleep.  Compared  to  non-nappers,  nappers 
report  that  they  sleep  as  deeply  as  they  like  to  (80  percent  versus  71 
percent  respond  "Yes,"  £<  .05)  and  typically  sleep  well  (77  percent 
versus  67  percent,  £<  .05)  although  they  may  m.ore  often  wake  up  feel- 
.ng  slow  and  lethargic  (£  <  .05).  Non-nappers  are  more  likely  to  feel 
they  did  not  get  enough  sleep  (£  <  .001),  but  perhaps  this  merely  implies 
that  the  napper  has  the  mechanism  to  make  up  for  lost  time  wnen  ne  has 
such  a  feeling.  Nappers  more  frequently  report  that  they  could  go  to 
sleep  "right  now"  (79  percent  versus  50  percent,  £<  .OOC)  and  typi¬ 
cally  fall  asleep  more  easily  during  the  night  (£  <  .  01) . 

Thus,  nappers  seem  to  be  more  satisfied  with  how  they  sleep, 
and  maintain  a  general  readiness  to  be  able  to  fall  asleep  "now,  ure- 
sumably  a  capacity  they  have  at  their  avail  whenever  they  need  r, .  These 
results  are  further  confirmed  in  Table  3,  which  clearly  indicates  tnat 
nappers  rate  themselves  (on  a  5-point  scale)  as  significantly  more  likely 
and  able  to  nap  in  a  wide  variety  of  circumstances  including  on  long  car, 
plane,  or  train  trips,  while  studying,  reading  aloud,  or  while  attending 
lectures,  theater  or  movies,  or  watching  T.V.  ,  following  a  good  meal, 
and  at  times  of  stress.  In  some  of  the  open-ended  questions,  napping 
in  these  circumstances  was  reported  to  be  a  voluntary  process  as  fre¬ 
quently  as  an  iru'oluntary  one. 


TABLE  3 


The  Ease  of  Falling  Asleep  in  Specific  Situations 
in  Non-Nappers  and  Two  Groups  of  Nappers 


All  Ss 

*  * 

Qualified  ^s 

Do  you  fall  asleep; 

Non- 

Napper 

N=169 

Napper 

N»26l 

Non- 

Napper 

N=13 

Appet. 

Napper 

N-43 

Replace 

Napper 

N-156 

f 

£<  I 

1 

_ 1 

On  long  car  trips 

2.75 

3.13 

.0001 

2.33^ 

3.02 

3.21 

t 

.01  1 

While  reading  a  book 

2.25 

2.72 

.0001 

2.15 

3.00^ 

2.69 

.01-  1 

While  studying 

2.06 

2.56 

.0001 

2.00^ 

2.79 

2.  56 

.  01-  1 

During  a  play 

1.35 

1.54 

.01 

1.38 

1.77^ 

1.46 

.05-  j 

On  plane  or  train  trips 

2.37 

2.68 

.01 

1.35® 

2.44^ 

2.81^ 

.0.  I 

Whi^e  watching  movie 

1.73 

1.99 

.002 

1.46 

1.98 

1.99 

.10  ! 

During  lectures  and 
speeches 

1.82 

2.25 

.0001 

1.62*^ 

2.30 

2.20 

1 

1 

.02  1 

At  times  of  stress 

1.61 

1.81 

.05 

1.38^ 

2.21*^ 

1 .  73^ 

.01  ' 

While  watching  TV 

2.28 

2.46 

.  05 

2.15 

2.49 

2.47 

.10  ' 

1 

After  a  particularly 
good  meal 

2.11 

2.56 

.  0001 

2.00 

2.70 

2 . 56 

L'L‘_ 

Note , --Answers  rated  on  5-point  scale;  5  =  Always,  1  =  Never. 

*_F -ratio  (df  2  ,  210) 

**  Groups  sharing  common  superscript  do  not  differ  significantly,  i.e.,  a  subgroup 
without  a  superscript  does  not  differ  statistically  from  the  other  non-supcrscripted 
groups . 
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These  clear-cut  results  provide  strong  confirmation  of  tne  ..y- 
pothesis  that  one  of  the  major  characteristics  of  the  napper  is  hi.^  ability 
to  choose  when  he  wants  to  fall  asleep.  In  Table  1,  a  tendency  Qj  <  .  lu) 
was  noted  for  the  napper  (particularly  the  appetitive  napper)  to  delay 
going  to  bed  longer  after  he  first  felt  very  sleepy  than  the  non-napper, 
perhaps  because  of  his  confidence  that  he  could  either  fall  asleep 
quickly  or  would  be  able  to  make  up  for  any  lost  sleep  at  a  subsequent 
time . 

A  general  index  of  falling  asleep  in  a  variety  of  circumstances 
was  derived  by  summing  the  number  of  times  the  subject  checked  the 
extreme  category  "5"  or  "always^"  on  these  ten  questions.  The  mean 
degree  of  voluntary  control  of  sleep  for  nappers  was  significantly  greater 
than  for  non-nappers  (£  <  .0001). 

Sleep  Parameters  in  Consistent  Appetitive  and  Replacement  Nappers 

Differences  between  the  consistent  appetitive  (N  *  43)  and 
replacement  (N  »  156)  nappers  (i.e.,  those  who  nap  at  least  once  a  week 
and  enjoy  it)  in  relation  to  nighttime  sleep  are  summarized  in  Tables  1,2, 
and  3.  They  are  also  compared  where  relevant  with  the  consistent  non- 
nappers  (N  “  13). 

The  two  groups  of  nappers  did  not  basically  differ  from  the  pattern 
described  above  for  the  complete  sample  of  430  subjects.  Again,  as  can 
be  seen  in  Table  1,  evening  sleep  patterns  seem  comparable  in  all  sub¬ 
jects.  Consistent  nappers  and  non-nappers  seem  to  go  to  bed  at  the 
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same  time,  sleep  ab  jt  the  same  length  of  time,  and  get  up  at  about  tnc 
same  time.  These  subjective  estimates  presumably  exclude  time  spent 
napping.  Of  some  interest  however,  is  the  discrepancy  in  the  "last 
night"  and  "typically"  answers  of  replacement  nappers  in  terms  of 
length  of  time  slept.  They  reported  sleeping  only  7  hours  and  11  minute-s 
last  night  compared  to  a  typical  night's  sleep  of  7  hours  and  2  7  minutes 
(^  =»  2.08;  £<  .05).  The  appetitive  nappers  and  the  non-nappers  did 
not  differ  in  their  two  reports  (t_  =  .37  and  .17,  respectively).  This  sug¬ 
gests  that  the  sleep  of  replacement  nappers  is  more  variable  than  that  of 
other  groups,  and  their  sleep  habits  may  not  bo  regular,  thereby  creating 
the  need  for  periodic  replacement  sleeping.  Indeed,  all  answers  of  the 
replacement  subgroup  were  more  variable  than  the  other  two,  further  sup¬ 
porting  the  replacement  nap  concept. 

In  spite  of  the  restricted  range  imposed  by  the  selection  criterion 
of  at  least  a  nap  per  week,  appetitive  nappers  more  frequently  engage  in 
napping  than  replacement  nappers.  This  is  apparent  both  in  their  answers 
to  the  5-point  catnap  selection  criterion  question  on  part  1  of  the  ques¬ 
tionnaire  (^*2.16;  £  <  .05)  as  well  as  the  reported  frequency  of  napping 
on  part  3  of  the  questionnaire.  Thus,  the  qualified  appetitive  nappers 
take  16.9  naps  per  month  compared  to  only  12.8  naps  for  the  qualified 
replacement  nappers  (£=2.13;  £<  .05). 

The  fact  that  these  subjects  nap  regularly  indicates  that  they  may 
potentially  n'ceivi'  more  total  slei'p  during  the  24-hour  day  than  the  nen- 
nappers.  This  question  will  require  further  analysis  in  a  subsequent 


section  where  daily  sleep  diary  data  for  14  days  is  available  for  33  nap- 


pers  and  non-nappers.  The  replacement  nappers  are  much  more  variable 
as  to  wh(  n  they  go  to  bed  and  how  long  they  sleep.  There  was  a  tend¬ 
ency  for  them  to  have  gone  to  bed  a  little  later  "last  night"  (i .  e .  ,  the 
night  before  they  filled  out  this  questionnaire)  than  thi  non-nappers 

■  1 . 60;  £_  <  .  20) ,  or  at  least  at  a  more  variabk-  time  (F  ■«  3 . 9  r 

<  .01).  Thus  it  is  still  possible  that  while  the  replacement  peppers 
typically  sleep  at  the  same  time  as  non-nappers,  there  are  occasions 
when  they  got  less  sleep.  Presumably,  such  occasions  are  n-vtc  1  iki  iy 
to  be  associated  with  a  nap  the  next  day.  In  this  data  there  is  no  way 
to  evaluate  whether  either  kind  of  napper  receives  more  sleep  in  a  2  4- 
liour  period  than  non-nappers. 

While  nappers  and  non-nappers  overall  do  not  differentially  re¬ 
port  sometimes  sleeping  too  long,  consistent  nappers  are  less  likely  to 
say  so  than  consistent  non-nappers  (^=2.56;  df  =  211;  <  .02).  This 

is  primarily  due  to  the  consistent  replacement  nappers  who  less  often 
have  the  experience  of  having  slept  too  long  than  either  non-nappors 
(^■2.92;  dt  “  168;  .  Ul)  or  appetitive  nappers  (]^  =  1.80;  df  “  198: 

<  .10).  In  contrast,  replacement  nappers  report  significantly  mori 

often  having  the  feeling  of  having  slept  for  too  short  a  time,  compared 
to  non-nappers  (t_*  3.32;  df  ■  377;  <  .001).  Although  this  difference 

does  not  achieve  significance  with  the  selected  consistent  subgroups, 
the  evidence  indicati's  a  .subjective  sleep-need  pressure  on  replacement 


nappers  who  led  that  they  need  more  sleep,  particularly  under  condition 
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where  they  feel  they  do  not  often  sleep  enough,  or  for  too  long,  but  more 
often  come  up  on  the  short  side  of  what  they  perceive  they  typically  need. 
This  subjectively  perceived  need  for  more  sleep  presumably  provides  the 
basis  for  the  replacement  nappers'  need  to  obtain  naps. 

One  curious  result  is  that  consistent  appetitive  nappers  are  more 
likely  to  sleepwalk  (t_  =  2.49;  df  *  198;  £<  .02)  and  sleeptalk  (t_»  1.36; 

_E  <.20)  than  replacement  nappers.  The  mechanisms  of  sleepwalking  and 
sleeptalking  are  not  currently  well  understood;  however  the  possible 
psychodynamic  origins  of  these  phenomena  are  possibly  consistent  with 
their  incidence  in  subjects  whose  sleep  may,  in  part,  have  psychodynamic 
overtones . 

While  the  consistent  non-nappers  were  selected  in  part  because 
of  the  unsatisfying  nature  of  their  occasional  naps --in  terms  of  physical 
and  mental  functioning — such  a  negative  attitude  does  not  relate  ‘heir 
sleep  in  general.  The  non-nappers  did  not  differ  from  either  group  of 
nappers  on  ratings  of  how  satisfying  night  sleep  tends  to  be,  nor  on 
how  deeply  and  well  they  typically  sleep.  Replacement  nappers  report 
that  sleep  is  slightly  more  satisfying  (t_  =  1.79;  £<  .10),  and  they 
relatively  less  often  have  difficulty  falling  asleep  {^=*2.27;  £  <  .05) 
than  appetitive  nappers.  This  finding  .s  surprising,  though  in  general 
difficulty  sleeping  is  not  related  to  napping  or  non-napping  as  such. 


Voluntary  Control  of  Napping.  As  already  noted,  nappers  report 
a  capacity  to  fall  asleep  readily  in  a  variety  of  circumstances.  Table  3 
compares  the  appetitive  and  replacement  nappers  in  terms  of  the  rated 
ease  of  falling  asleep  under  several  conditions.  The  mean  values 
represent  ratings  on  a  5-point  scale. 

Appetitive  nappers  tend  to  nap  more  than  replacement  nappers 
while  reading  a  book  (p.  <  .05),  while  studying  (^  <  .10),  during  a 
play  or  at  the  theater  (£  <  .05),  and  have  a  similar  but  insignificant 
tendency  during  lectures  and  speeches  and  after  a  particularly  good 
meal.  In  contrast,  replacement  nappers  are  more  capable  of  falling 
asleep  on  long  car  trips  (£  <  .10)  and  on  plane  or  train  trips  (£  <  .  05) . 
While  we  do  not  fully  understand  the  significance  of  the  advantage 
held  by  the  replacement  napper  under  these  two  circumstances, 
both  involve  extended  motion.  The  relationship  between  volitional 
and  Involuntary  naps  and  the  physical  envir  'ment  will  be  explored 
in  future  work:  It  is  also  possible  that  the  replacement  nappers 
plan  their  sleep  knowing  that  they  will  be  able  to  catch  up  on  or 
following  the  trip. 

Of  particular  importance  was  the  striking  tendency  for  the  appe¬ 
titive  nappers  to  say  that  they  tend  to  fall  asleep  at  times  of  stress  com¬ 
pared  to  either  the  replacement  nappters  =  2.43;  £  <  .01)  or  non-nappers 
(£  ■  3.30;  £<  .005).  This  provides  important  confirmation  of  the  appetitive 


napper.s'  tendency  to  fall  asleep  in  response  to  psychological  factors,  as 


;  .1 

opposed  to  factors  relating  to  general  fatigue  or  sleep  deprivation. 

When  the  extreme  ratings  of  "5"  are  summed  over  all  ten  catego¬ 
ries,  the  appetitive  nappers  show  a  greater  ability  to  voluntarily  fall 
asleep  under  a  variety  of  these  circumstances  significantly  more  fre¬ 
quently  than  the  replacement  nappers  (^  =  1.98;  £  <  ,05).  However, 
as  already  indicated  both  groups  differ  markedly  (£  <  .001  in  each 
case)  from  the  non-nappers  in  their  ability  to  nap  frequently  in  a  wide 
variety  of  circumstances. 

Nap  Satisfaction.  In  Table  4  mean  ratings  of  the  subjective 
satisfaction  with  napping  for  the  appetitive  and  replacement  nappers 
are  summarized.  These  differences  refer  to  part  3  of  the  questionnaire 
which  was  only  completed  by  the  napping  subjects.  The  data  compares 
both  consistent  appetitive  (N  =  43)  and  replacement  (N  =  156)  nappers.^ 

In  general,  the  results  show  that  the  appetitive  napper  has  a 
greater  propensity  for  napping  and  finds  napping  more  desirable  than  th’. 
replacement  napper.  The  appetitive  napper  rates  himself  as  more  often 
taking  naps  (£  <  .0  5)  and  he,  in  fact,  naps  more  frequently  (p  <  .05). 

He  rates  himself  as  preferring  to  nap  daily  (£  <  .02).  He  likes  to  nap 
as  regularly  as  possible  (£  <  .02)  and  voluntarily  naps  whenever  time 
permits  {£  <  .002).  When  asked  how  long  after  awakening  from  a  nap  he 
would  be  ready  for  another  nap,  his  answer  is  sooner  than  for  the'  replaci’ 
mont  napper  (p  <  .10).  The  appetitive  napp'or  naps  m  a  wider  variety 
of  circumstances  (p  <  .05),  although  there'  is  a  slight  tendency  that  he 


TABLE  4 


Differences  in  Subjective  Sleep  Characteristics 
for  Consistent  Appetitive  and  Replacement  Nappers 


Variable 

— 

Appet. 

Napper 

(N=-43) 

Replace 

Napper 

(N=156) 

t_ 

. 

" 

£< 

Take  catnaps 

3.51 

3.26 

2.16 

' 

.05 

Nap  frequency  per  month 

16.91 

12.79 

2.13 

.05 

Hours  till  could  nap  again 

4.14 

4.54 

1.40 

.10 

Could  nap  daily 

3.30 

3.00 

2.40 

.02 

Like  to  nap  regularly 

3.14 

o 

00 

CM 

2.31 

Voluntarily  nap  if  time 

3.53 

3.17 

3.23 

.002 

Feel  more  tired  awake 

2.21 

1.95 

1.81 

.10 

No  nap  if  regular  sleep 

2.70 

3.44 

3.25 

.0002 

Nap  when  not  tired^ 

3.12 

1.35 

29.11 

.0001 

X  "Always"  response-- 
case  of  sleep 

1.49 

.  _ 

1.04 

_J 

1.98 

.05 

Note. --All  questions  5-point  scale  where  5  represents  high  (always)  end 
(except  second  and  third  variable) . 

Selection  variable. 


will  feel  more  tired  when  he  awakens  than  does  the  rcplacemer.i  napper 


(£  <  .10),  However,  it  is  important  to  note  that  the  replacement  lappcr 
is  much  less  likely  to  nap  if  he  considers  he  has  had  a  regular  night's 
sleep  the  previous  night  (£  <  .0002). 

Differences  on  all  other  variables  listed  in  the  third  part  of  the 
questionnaire  were  not  significant.  This  includes  such  characteristics 
as  whether  the  subject  would  prefer  to  obtain  all  of  his  sleep  in  one 
continuous  segment  or  whether  he  would  prefer  to  sleep  on  demand 
whenever  tired,  and  the  effect  of  napping  in  improving  the  subject's 
ability  to  work  or  his  ability  to  concentrate.  There  was  no  significant 
difference  in  the  tendency  to  nap  involuntarily.  In  the  situations  re¬ 
ferred  to  above  the  subjects  mostly  decided  voluntarily  to  take  a  nap. 

The  results  do  not  necessarily  refer  to  situations  where  falling  asleep 
is  not  premeditated. 

It  is  clear  from  these  results  that  the  appetitive  napper  can  more 
readily  take  naps  in  a  variety  of  situations  and  generally  has  the  set 
that  he  is  willing  to  nap  and  is  capable  of  napping  whenever  he  chooses  to 
do  so,  and  wherever  circumstances  permit. 

Estimated  Parameters  of  Napping.  Table  5  presents  the  mean 
reported  times  that  all  nappers,  appetitive  as  well  as  replacement, 
take  their  nap  and  how  long  they  nap.  There  are  no  significant  differ¬ 
ences  between  appetitive  and  replacement  nappers  in  terms  of  these 
estimated  clock  parameters.  Subjects  prefer  to  nap  at  about  3:49  p.m.  , 
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TABLE  5 
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Estimated  Parameters  of  Napping  in  Consistent 
Appetitive  and  Replacement  Nappers 


Variable 

All 

Nappers 

N=261 

Consistent  Nappers 

_ 

Appetitive 

N«43 

Replacement 

N=156 

What  time  prefer  to  nap 

15:44 

15:52 

1 

15:48 

How  long  would  the  ideal  nap  last 

98.96 

101.30 

99.86 

What  is  the  longest  time  you  nap 

162.82 

163.60 

156.79 

What  is  the  shortest  time  you  nap 

24.78 

24.84 

25.14 

f 

When  napping,  how  long  to  fall  asleep 

9.75 

8.56 

9.19 

* 

★ 

When  nap,  how  long  typically  last 

73.35 

81.23 

70.40 

Note. --The  first  variable  is  reported  in  hours  and  minutes  (24-hour  clock-time). 
The  remaining  variables  have  been  converted  to  minutes:  Subjects  typically 
recorded  their  answers  to  the  nearest  15  minutes. 

*  Comparison  of  subgroup  variances:  F_  =  2 . 59;  df  *  42  ,  1  55;  .001.  All  other 

t-test  and  £-ratio  comparisons  between  appetitive  and  replacement  nappers  up.' 
insignificant. 
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and  the  typical  nap  lasts  about  73  minutes.  However,  the  length  oi  ihe 
typical  nap  in  appetitive  nappers  is  much  more  variable  than  in  replace¬ 
ment  nappers  (F_  =  2  .49;  df  »  42 ,  155;  £<  .001).  While  the  typical  nap 
is  about  73  minutes,  the  average  longest  nap  subjects  report  is  15b 
minutes,  although  subjects  consider  the  ideal  nap  would  last  100  minutes. 
It  takes  a  napper  an  average  of  9  minutes  to  fall  asleep  when  he  is  having 
a  nap:  this  is  in  striking  contrast  to  the  typical  2  0  minutes  it  takes  the 
same  subjects  to  fall  asleep  at  night. 

In  general,  in  spite  of  the  differences  in  the  reasons  for  napping, 
there  are  no  differences  in  the  time  the  two  groups  of  subjects  take 
their  nap  and  the  length  of  the  longest,  shortest,  typical,  or  ideal  nap. 

Why  Does  the  Non-Napper  Not  Nap? 

The  second  part  of  the  questionnaire  was  completed  only  by  the 
non-nappers;  those  subjects  who  responded  "rarely"  or  "never"  to  the 
question  on  part  I,  "Do  you  take  catnaps  during  the  day?"  This  part  of 
the  questionnaire  was  concerned  with  questions  about  the  reasons  for  not 
napping  and  attitudes  towards  napping. 

The  non-nappers  were  asked  "Was  there  a  period  of  time  when  you 
did  take  naps  at  least  sometimes?"  Of  the  169  non-nappers,  41  answered 
"No."  An  additional  48  subjects  answered  "Yes, "  but  in  response  to  the 
question  "When?"  gave  such  modifying  responses  as  "When  I  was  a 
child"  (defined  when  necessary  by  us  as  before  12  years  of  age),  "When 
pregnant,"  "When  ill."  These  were  considered  as  inconsequential  to 


our  non-napping  criterion,  and  a  subject  giving  this  modified  '  Yes" 
answer  was  included  as  a  consistent  non-napper  if  h('  satisucd  al'  of 
the  other  criteria.  In  fact,  7  of  the  13  consistent  non-nappers  wer>.: 
selected  from  this  subgroup.  The  remaining  80  subjects  responded 
that  they  did  once  nap,  but  did  not  modify  their  statement  in  terms  of 
the  kinds  of  special  circumstances  noted  above.  Analysis  of  variance 
comparing  the  four  subgroups  consisting  of  the  consistent  non-nappers, 
modified  non-nappers,  those  who  once  napped  regularly,  and  the  remain¬ 
ing  non-nappers  who  did  not  qualify  for  the  laboratory  study,  yielded 
very  few  differences  among  the  groups.  There  were  some  differences  in 
the  reasons  given  for  not  currently  napping  (discussed  below)  and  some 
additional  differences  between  consistent  non-nappers  and  those  sub¬ 
jects  who  once  napped  regularly,  but  now  no  longer  do  so. 

All  non-nappers  were  given  the  opportunity  to  rate  on  a  5 -point 
scale  (5  =  Definitely  applies;  1  =  Irrelevant),  each  of  IS  differ*. nt 
reasons  why  they  preferred  not  to  nap.  The  possible  r'.  asons  included 
the  inability  to  sleep  when  attempting  to  nap,  interference  with  night 
sleep,  interference  with  daytime  activities,  and  the  unpleasant  results  of 
daytime  napping.  The  three  reasons  most  strongly  endorsed  by  all  lo9 
non-nappers  were:  "Napping  interferes  with  iny  work  (or  studying),  " 

"No  time  available,"  and  "I  would  not  be  able  to  fall  asleep. 

The  consistent  non-nappers  in  this  study  wire  chosen  lierause 
they  stated  that  previous  napping  typically  had  unpleasant  p!iy sica!  an*.: 
mentiil  atlerelferts  lor  them.  Apart  from  theiu  r*  .i  .ons  i  he  thiu'  :  los-: 
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common  reasons  they  checked  for  not  napping  were  related  to  these  un¬ 
pleasant  consequences;  "I  did  not  feel  any  better  after  napping,  "  I 
did  not  feel  any  less  tired  after  napping,"  and  "Napping  is  an  unpleasant 
experience."  The  three  reasons  which  least  affected  their  reasons  for 
choosing  not  to  nap  were  "Napping  is  a  sign  of  laziness,"  "If  1  napped 
I  would  not  be  able  to  sleep  well  at  night,  "  and  "No  time  available.  " 
Thus,  while  it  was  decided  in  the  laboratory  study  to  select  non-nappers 
who  did  not  nap  because  of  the  unpleasant  consequences,  these  subjects 
were  not  necessarily  typical  of  a  larger  proportion  of  non-nappers  who 
consistently  did  not  nap  primarily  for  reasons  of  lack  of  time.  Par¬ 
ticularly  interesting  in  this  regard  was  the  80  of  the  169  subjects  who  in¬ 
dicated  that  they  once  napped  after  childhood,  but  no  longer  did  so. 

These  subjects  now  no  longer  napped  because  they  had  no  time  to  do  so, 
and  because  napping  interfered  with  study  and/or  leisure  activities. 

The  unpleasantness  of  the  nap  does  not  seem  to  have  been  an  important 
reason  for  their  discontinuation  of  napping. 

A  detailed  comparison  of  the  13  consistent  non-nappers  and  the 
80  non-nappers  who  once  napped  is  presented  in  Table  6.  The  several 
significant  differences  between  these  two  groups  are  all  in  the  direction 
of  either  there  being  no  time  for  napping  for  the  once-nappers ,  or  because 
of  the  unpleasantness  of  napping  for  the  selected  group.  These  results 
would  strongly  suggest  that  future  work  needs  to  consider  the  problem  of 
non-napping  more  extensively  than  we  did  in  tiie  empirical  laboratory 


work  conducted  during  the  past  year.  Non-napping  is  not  a  homogeneous 


TABLE  b 


Differences  (on  5-point  rating  scale)  Between 
Non-Nappers  (K  =  13)  and  Subjects  Who  W’  re 
Once-Nappers  But  Are  No  Longer  Nappors,  (K  =  80) 


Variable 

Consistent 

Non-Nappers 

, - 1 

Once-Napper 

t 

‘  iL  < 

Take  catnaps 

1.54 

1 

1.96 

2.98 

1 

1 

.01 

No  time  to  nap 

2.54  ' 

3.50 

2.57 

.01 

Nap  unpleasant  experience 

3.46 

1.84 

[ 

7.31 

i  ,0001  , 

No  need  for  nap 

3.15 

2.51 

1.67 

.10 

1 

Interferes  with  work,  study 

2.85 

3.56 

2.10 

.05  1 

Don't  feel  better  after  nap 

3.69 

2.64 

2.43 

.  02  ! 

1 

Don't  feel  less  tired 

3.54 

2.64 

2.61 

.01  { 

Unpleasant  physical  effect 

3.92 

2.31 

6.15 

.0001  1 

Unpleasant  mental  effects 

3.62 

2.11 

5.07 

.0001  ! 

Fall  asleep  on  car  trips 

2.23 

2.94 

Ease  of  sleeping  in  many 
situations* 

.31 

.74 

2.17 

.05  1 

Time  usually  most  sleepy 

21:19 

17:64 

2.  13 

.05  1 

Time  prefer  to  sleep 

00:21 

23:22 

2.33 

1  ,05 

1 _ L 

Note . --Answers  rated  on  5-point  scale:  5  =  Always,  1  =  Never. 

*  Mean  sum  of  "always"  answers  on  14  listed  reasons  for  not  wanting  to  nap. 


**  24- hour  clock-timc  -  hours  and  minutes. 


entity,  but  different  kinds  of  non-nappers  would  seen,  to  have  different 


kinds  of  characteristics.  Whether  such  subgroups  would  differ  in  terms 
of  the  subjective  and  physiological  characteristics  of  daytime  sleep  in 
the  laboratory  remains  to  be  investigated. 

Many  of  the  responses  of  the  non-nappers  who  once  napped  on 
the  first  section  of  the  questionnaire  tend  to  be  more  like  the  responses 
of  the  replacement  napper  group.  Typically,  the  means  of  the  non-napper 
groups  fall  somewhere  between  the  consistent  non-nappers  and  the  consist¬ 
ent  replacement  nappers.  We  surmise  that  most  of  these  subjects  were 
once  replacement  nappers  who,  because  of  time  and  scheduling  reasons, 
have  had  to  learn  to  assert  better  control  over  their  sleep  activities  and 
to  avoid  being  caught  in  a  situation  where  napping  is  necessary  to  make 
up  for  lost  time.  It  is  interesting  that  in  spite  of  the  restricted  range  on 
the  criterion  catnap  question,  the  once-nappers  still  nap  significantly 
more  often  per  month  than  the  selected  group  of  13  non-nappers  (1.9b 
versus  1 . 54  times  per  month,  ^  »  2 .98;  £  <  .  01) , 

Summary 

In  general  these  data  support  most  of  our  predictions  about  the 
characteristics  of  napping  and  also  about  the  different  kinds  of  nappers. 
Somewhat  surprisingly,  there  were  absolutely  no  differences  in  the  basic 
sleep  parameters  reported  by  subjects  regarding  typical  nighttime  sleet 
habits.  Altliough  nappers  report  they  can  fall  asleep  more  easily  than  non- 
nappers,  they  did  not  differ  from  non-nappers  in  clock  time  estimates  of 


how  long  it  takes  them  to  fall  asleep  at  night.  However,  there  wa.  - 
stantial  evidence  that  nappcrs  have  a  greater  facility  to  fall  asloei,  .  a  ;.i. 
and  to  voluntarily  choose  situations  in  which  they  can  sleep,  Mappers, 
and  particularly  appetitive  nappers ,  are  capable  of  sleeping  in  a 
variety  of  circumstances,  many  of  which  have  little  or  nothing  to  do 
with  tiredness  or  fatigue. 

Our  concept  of  appetitive  and  replacement  nappers  appears  to 
have  some  validity.  Appetitive  nappers  have  a  greater  degree  of  control 
over  the  ease  of  falling  asleep  and  tend  to  nap  more  frequently  than  re¬ 
placement  nappers.  In  particular,  they  are  more  likely  to  nap  in  response 
to  stress,  but  they  do  not  necessarily  feel  more  refreshed  or  less  tired 
when  awakening  from  a  nap.  In  contrast,  replacement  nappers  are  much 
more  variable  in  terms  of  when  they  go  to  sleep  and  get  up  in  the  morn¬ 
ing,  and  how  long  they  sleep  at  night.  They  are  not  likely  to  nap  if  they 
have  had  sufficient  sleep  the  previous  night  and  they  typically  report 
feeling  less  tired  after  they  nap.  Apparently,  napping  for  the  replace¬ 
ment  napper  has  the  desired  recuperative  effects  from  fatigue  resulting 
from  loss  of  sleep. 

Subjects  who  typically  do  not  nap  may  well  be  more  heterogeneous 
than  we  had  anticipated.  There  are  at  least  two  types  of  non-nappers; 
the  group  we  focused  on  in  this  study  are  subjects  who  do  not  nap  bccausi- 
of  the  unpleasant  consequences  they  have  experienced  when  they  tried 
to  nap  in  the  past.  They  do  not  believe  they  gain  any  benefit  from  nap¬ 


ping,  There  is,  however,  another  group  of  subjects  who  do  not  nai 


because  of  time  considerations  rather  than  any  dissatisfaction  with  th. 
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experience.  Many  of  these  subjects  have  napped  more  frequently  in  the 
past  than  they  do  now.  Although  the  data  is  limited,  it  would  seem  that 
they  share  some  of  the  characteristics  of  the  replacement  nappers  in  the 
present  sample.  However,  the  focus  of  this  report  will  be  on  the  non- 
nappers  who  find  the  consequences  of  napping  are  unpleasant  and  non- 
recuperative . 


.j 


3  .  LABORATORY  NAPPING  STUDY 


The  primary  aim  tor  the  past  research  pori'.xl  was  to  examine' 
some  of  the  subjective  and  physiological  changes  when  habitual  nap- 
pers  and  confirmed  non-nappers  wore  asked  to  nap  in  the  laboratory 
during  the  day  while  being  monitored  by  standard  TEG  and  sleep  labora¬ 
tory  procedures.  We  wore  able  to  capitalize  on  tiu  extensive  study  of 
napping  patterns  by  using  those  extreme  subjects  who  enjoyed  napping 
frequently  or  who  consistently  avoided  napping  because  of  the  unpleas¬ 
ant  effects  associated  with  daytime  sleep. 

Subgroups  of  nappers  were  chosen  who  seemed  to  represent, 
by  their  questionnaire  responses,  either  those  who  napped  primarily  to 
replace  lost  sleep,  or  those  who  seemed  to  nap  primarily  for  a  variety 
of  reasons  having  little  or  nothing  to  do  with  fatigue.  In  addition,  we 
r'xplori'd,  in  terms  of  reported  sleep  patterns,  some  issues  related  to 
the  incidf'nce  of  napping  in  relation  to  both  the  previous  and  subsequent 
night's  sleep,  as  well  as  to  regular  sleep  patterns. 

Because  morning,  afternoon,  and  evening  naps  differ  in  terms 
of  the  incidence  of  REM  and  stage  4  sleep  (Maron  ('t  al.,  1164;  Wf-ub  & 
Agnew,  1967;  Webb  et  al.,  1966),  the  laboratory  nap  was  confim'd  to 
the  afternoon  period.  The  subjects’  naps  were  restricted  to  one  hour,  as 
this  seems  to  be  the  modal  nap  length  reported  by  college  students 
(Tune,  1969a;  l.awrenci',  19/1). 


Laboratory  Nap  Procedure 


Recruitment  of  Subjects.  From  a  total  of  946  nappirii  cuie.^uin- 
naires,  each  of  114  subjects,  who  not  only  qualified  a  tun  ir  :  e 

nappers  according  to  the  criteria  described  above  but  also  had  t'x- 
pressed  interest  in  taking  part  in  laboratory  oioep  i  e.iaiLli,  wi  n'  st  ’'t 
a  letter  inviting  them  to  participate  in  a  tliree  and  one-iiali  hour  stuoy 
in  the  laboratory.  If  they  were  interested  in  paitu  ipatiiu: ,  they  wer. 
asked  to  call  to  make  an  appointment.  When  a  suigect  telephoned,  fur 
ther  background  information  was  secured.  Ii  the  subject  had  not  partic 
ipated  in  previous  psychophysiological  research  in  the  laboratory  or  in 
sleep  research  elsewhere;  if  he  was  not  currently  in  i  syrhotherapy , 
had  not  been  in  therapy  within  the  last  six  months,  and  was  not  con¬ 
templating  therapy;  if  ho  was  between  the  ages  of  lb  and  37;  it  he 
learned  English  prior  to  the  age  of  10;  and  if  he  was  not  tasing  any 
medications  daily,  the  present  experiment  was  dt'si'iibed  to  turn. 

"The  purpose  of  this  experiment  is  to  inves¬ 
tigate  the  physiological  events  assoc  lated  witn 
sleeping  in  the  daytime.  The  study  involves  attach¬ 
ing  several  small  electrodes  to  your  head.  These 
electrodes  are  very  small  disks,  just  about  the 
size  of  a  dime,  which  are  attached  only  to  the  sur- 
fac:e  with  water  soluble  paste.  Other  similar  small 
electrcxii's  will  bo  attac'liod  to  your  hands  and 
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chest  with  easily  removable  tape.  We  will  then 
record  from  these  electrodes  while  you  take  a 
brief  nap  in  the  laboratory. " 

Because  the  sample  included  non-nappers^  questions  occasion¬ 
ally  arose  over  the  telephone  whether  the  subject  felt  he  would  be  able 
to  nap  in  the  laboratory.  In  order  to  prevent  undue  concern  about  being 
able  to  sleep,  which  in  turn  might  interfere  with  the  individual's  ability 
to  do  so,  the  question  (when  it  arose)  was  handled  as  follows;  The 
sche'duling  assistant  emphasized  that  while  we  had  found,  when  time 
was  set  aside  for  that  purpose,  most  subjects  were  able  to  go  to  sleep 
in  the  laboratory,  it  was  not  essential  for  the  success  of  the  study  that 
they  necessarily  fall  asleep;  rather,  so  long  as  they  were  able  to  rest 
comfortably  they  would  be  providing  valuable  physiological  data  needed 
for  the  study . 

No  subject  was  scheduled  earlier  than  11:45  a.m.,  nor  was  any 
subject  scheduled  after  5:45  p.m.  Thus,  the  earliest  nap  in  the  study 
began  at  12:45  p.m.  and  the  latest  by  6:45  p.m.;  while  the  arranging  ol 
the  time  for  each  laboratory  nap  session  had  to  be  within  the  limits  of 
the  subject's  schedule  and  his  preference  for  when  he  usually  napped, 
a  generally  successful  attempt  was  made  to  schedule  most  subject:, 
between  1:30  and  4  p.m. 

Each  subject  was  offered  $5.25  plus  $.75  for  transportation  tor 
the  three  and  one-half  hour  session.  All  subjects  received  a  h  ttt  r  re¬ 
minding  them  of  their  appointment  two  to  three  days  before  their 


scheduled  session.  The  letter  also  stated  that  no  medications  (either 
relaxants  or  stimulants)  or  alcohol  should  be  ingested  within  24  hours 


prior  to  their  scheduled  session,  that  from  the  time  they  arose  on  the 
morning  of  the  day  of  the  experiment  they  should  not  take  any  rest  or 
nap  prior  to  arriving  at  the  laboratory,  and  that  while  coffee  or  tea  was 
all  right  on  arising,  they  should  refrain  from  either  after  9  a.m.  on  the 
day  of  the  study . 

Procedure .  When  the  subject  arrived  at  the  laboratory,  he  com¬ 
pleted  and  signed  a  Background  Information  for  Participation  form  which 
includes  the  standard  informed  consent  statement  used  in  the  labora¬ 
tory .  He  also  completed  another  sleep  questionnaire^  furttier  ixploi- 
ing  his  tu'neral  sleep  habits.  This  questionnaire  was  desioned  to 
assess  subjects’  standing  on  several  dimensions  of  sleep  satisfaction 
which  we  reported  last  year. 

The  subject  was  then  introduced  to  the  first  of  three  investiga¬ 
tors*^  who  spent  some  time  explaining  in  detail  the  purpose  of  the  study. 
The  aim  of  this  procedure  was  to  establish  rapport  with  the  subject,  to 
explain  the  functions  of  the  research  laboratory,  and  to  inform  him 
about  the  laboratory  sleep  study.  Again  an  attempt  was  made  to  reas¬ 
sure  the  subject  that,  while  the  aim  of  the  investigation  was  to  study 
aspects  of  daytime  sleep,  the  subject  should  not  be  unduly  concerned 
about  how  long  it  took  for  him  to  fall  asleep  or  even  if  he  had  difficulty 
in  falling  asleep,  as  his  resting  comfortably  provided  important  data 
toi  the  study.  Tliis  point  was  made  during  the  intimview  with  all 
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subjects,  but  was  designed  primarily  for  the  protection  of  the  non-nap- 
pers,  some  of  whom  were  expected  to  be  unlikely  to  fall  asleep.  The 
subject  was  not  told  how  long  he  would  have  to  sleep  or  rest,  although 
he  knew  the  total  length  of  the  session  to  bo  three  and  one-half  hours. 
He  was  also  not  informed  what  criteria  had  been  used  to  select  subjects. 
The  subject  then  completed  the  long  version  of  a  questionnaire  which 
explored  in  detail  typical  sleep  patterns  and  a  variety  of  variables 
associated  with  sleeping.  Three  of  the  eight  pages  of  this  question¬ 
naire  constituted  the  sleep  diary  described  below,  and  only  data  from, 
these  pages  are  discussed  in  this  report. 

Physiological  Recordings.  The  subject  was  tiien  introauceu  to 
the  investigator  conducting  the  sleep  session.  He  was  given  the  Sub¬ 
jective  Sleepiness  Scale.  This  is  a  10-point  unidirectional  scale  on 
which  the  subject  marked  how  sleepy  he  felt  at  that  particular  time. 

The  Position  1  on  the  scale  was  labeled  "wide  awake"  and  the  Position 
10  was  labeled  "the  need  for  sleep  is  overwhelming;  sleep  is  unavoid¬ 
able." 

Standard  sleep  monitoring  electrodes  were  explained  to  the  sub¬ 
jects  as  they  were  applied.  Right  parietal,  right  and  left  occipital  EEG 
electrodes  (C4,  04,  and  03)  were  referred  to  the  corresponding  mastoid 
using  Beckman  bio-potential  mini-electrodes.  The  same  electrodes 
were  used  to  record  EOG  from  the  left  and  right  outer  canthus  to  the 


nasion.  These  were  the  main  variables  involved  in  the  .sci^riny  of  the 
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sleep  records.  In  addition,  heart  rate  was  recorded  using  leads  from 
the  left  clavicle  to  the  left  ventral  region  below  the  ninth  rib,  and  skin 
potential  was  recorded  using  silver  silver-chloride  sponge  electrodes 
attached  on  the  left  hand  at  the  hyperthenar  eminence  to  a  drilled  site 
on  the  dorsal  arm  near  the  elbow.  In  male  subjects,  abdominal  and 
thoracic  respiration  were  also  measured  with  strain  gauges.  In  females, 
respiration  was  measured  using  a  slightly  different  method  allowing 
the  strain  gauge  to  go  over  clothing.  In  addition,  for  females  finger 
pulse  was  recorded  instead  of  heart  rate,  using  a  LED-photo  transistor 
on  the  third  finger  of  the  left  hand,  first  phalange. 

The  subject  was  encouraged  to  make  himself  comfortable  in  the 
bed  and,  after  the  lights  were  turned  out  in  the  dark  sound -attenuated 
sleep  room,  the  Subjective  Sleepiness  Scale  was  administered  again 
and  oral  temperature  was  also  recorded.  A  two-minute  eyes  closed 
baseline  alpha-density  period  was  recorded  before  the  subject's  nap 
period  began. 

After  60  minutes  elapsed,  the  subject  was  awakened  by  a  loud 
buzzer.  In  accordance  with  the  previous  instructions  given  to  the  sub¬ 
ject,  he  was  to  immediately  pick  up  a  bedside  telephone  to  turn  off  the 
buzzer  and  indicate  that  he  was  awake.  His  reaction  time  from  buzzer 
onset  to  picking  up  the  telephone  was  recorded  as  one  possible  measure 
of  the  difficulty  he  experienced  in  arousing  and  orienting  himself.  This 
was  also  compared  subsequently  with  his  EEG  arousal  latency  trom  when 
the  subject  was  still  asleep  at  the  sound  of  the  buzzer  until  the 


appearance  of  alpha  activity.  The  subject  was  immediately  asked  "How 
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long  since  I  spoke  to  you  last?"  and  then  to  make  his  rating  on  the  Sub¬ 
jective  Sleepiness  Scale.  The  subject  was  then  given  an  evaluation  book¬ 
let  containing  a  fourth  Subjective  Sleepiness  Scale,  a  similar  scale  rating 
how  satisfying  the  nap  was,  and  related  information  describing  the  nap. 

After  the  electrodes  were  removed,  he  was  introduced  to  a  third  investi¬ 
gator  who  conducted  the  post-experimental  inquiry. 

Post-Experimental  Interview.  Crucial  to  the  design  of  the  study,  this 
inquiry  was  carried  out  by  an  experimenter  who  was  kept  blind  as  to  whether 
the  subject  had  slept  (according  to  EEG  criteria)  during  the  experiment,  as 
well  as  to  the  nature  of  the  subject's  original  ouestionnaire  responses  and 
categorization  prior  to  the  experiment. 

The  interviewer's  task  was  to  independently  assess  the  subject's 
sleep  patterns  and  napping  history.  While  the  napping  Questionnaire  was 
designed  to  help  identify  confirmed  non-nappers,  replacement,  and  appeti¬ 
tive  nappers,  it  was  not  expected  that  the  Questionnaire  responses  would  br 
sufficient  as  the  sole  criterion  to  select  representative  subjects  in  each 
category.  In  the  final  analysis,  a  carefully  conducted  individual  inter¬ 
view  was  felt  to  be  the  best  available  means  of  validating  the  classifica¬ 
tion  criteria.  For  this  reason,  subjects  were  retained  in  the  study  only  it 
the  blind  judge's  assignment  based  on  the  interview  coincided  witii  the 
categorization  on  the  basis  of  the  questionnaire. 


From  the  point  of  view  of  efficiency  it  would,  of  course,  bet  r, 


simplest  to  carry  out  the  inouiry  into  sleep  patterns  before  deciding  which 


subjects  were  to  be  invited  to  the  laboratory.  However,  every  effort  was 
made  not  to  focus  the  subject's  attention  unduly  on  the  importance  of 
sleeping  in  the  laboratory;  i.e.,  the  sleep  questionnaire  had  been  admin¬ 
istered  as  a  parametric  investigation  and  care  was  taken  not  to  connect 
the  subject's  responses  to  the  request  to  participate  in  a  laboratory  sleep 
study--which  was  usually  made  weeks  later.  In  our  view,  to  carry  out  an 
interview  focusing  on  daytime  sleep  patterns  prior  to  the  subject's  sleeping 
in  the  laboratory  would  have  tended  to  prevent  non-nappers  from  sleeping 
and  might  also  have  brought  about  other  unforeseen  and  undesired  changes 
in  subject  behavior.  It  seemed  a  reasonable  trade-off  to  accept  the  rela¬ 
tively  inefficient  procedure  of  carrying  out  a  criterion  interview  after  the 
individual  had  slept  in  order  to  make  it  relatively  easy  both  to  Keep  the  lab¬ 
oratory  staff  blind  as  to  the  subject's  status  and  prevent  undue  concern  on 
the  subject's  part  about  his  ability  to  sleep  during  the  experiment. 

The  interview  typically  lasted  about  3  5  minutes.  While  the  inter¬ 
view  was  as  nondirective  as  possible,  it  eventually  proceeded  to  more 
specific  questions,  depending  on  the  information  already  elicited  spontane¬ 
ously  from  the  subject  in  his  comments  about  his  experiences  in  the  study 
and  his  previous  history  of  napping. 

Results  of  Blind  Categorization.  There  were  52  subjects^  who 
completed  the  laboratory  sleep  study  of  whicli  7  were  exclud('d  im 
ti'chnical  reasons.  In  33  instances  the  blind  judge's  categorization 
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was  the  same  as  that  based  on  the  questionnaire  and  these  subjects 
therefore  met  the  criterion  of  the  study.  Nine  of  the  12  discrepant  in- 
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stances  were  from  the  same  group  and  may  represent  a  special  sub¬ 
category  of  nappers.  The  33  subjects^*^  who  qualified  for  the  experi¬ 
ment  and  were  studied  in  depth  included  11  appetitive,  10  replacement, 
and  12  non-nappers. 

oleep  Diary .  At  the  completion  of  the  interview,  the  subject 
was  thanked  and  paid  for  his  participation.  However,  before  he 
departed,  he  was  invited  to  take  part  in  a  continuation  study.  He  was 
told  that  it  would  be  helpful  to  have  more  detailed  day-by-day  informa¬ 
tion  regarding  sleep  habits,  and  he  was  invited  to  take  home  a  binder 
containing  14  copies  of  a  three-page  sleep  diary  questionnaire  (  a  copy 
is  in  the  Appendix).  If  the  subject  agreed,  he  was  asked  to  complete 
one  of  the  questionnaires  each  morning  for  the  next  14  days,  prefer¬ 
ably  shortly  after  getting  up.  When  completed,  the  diary  was  to  be 
mailed  back  to  the  laboratory  in  the  stamped,  addressed  envelope  pro¬ 
vided.  While  prior  to  the  request  to  complete  the  diary  it  had  been  ex¬ 
plained  that  the  laboratory  napping  study  was  complete  in  itself,  no  sub¬ 
ject  refused  to  take  home  the  sleep  diary.  Subjects  were  paid  an  addi¬ 
tional  $5  in  advance  for  their  time  in  completing  the  sleep  diary. 

All  except  3  of  the  original  52  subjects  returned  the  completed 
sleep  diaries.  However,  in  a  few  instances  the  diaiies  wore  not  kept 


on  consecutive  days,  either  because  of  interrupt i<,)ns  (.-au.stjd  by  v  ollf.'co 
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vacation  periods,  conflicting  schedules,  or  forgetfulness.  All  subjects 
completed  the  diaries  the  day  after  they  nad  .slept  i.n  the  lab  and  most 
of  the  diaries  were  completed  in  a  minimum  of  two  consecutive  periods, 
even  if  there  was  a  delay  somewhere  in  the  middle  of  the  period  .  Oriy 
those  returned  by  the  11  appetitive,  10  replacement,  and  12  no.i-nap- 
per  subjects  will  be  reported  here. 

Sleep  Protocols .  All  of  the  sleep  psychophysiological  records 
were  scored  independently  by  two  judges  who  were  blind  as  to  the  sub¬ 
group  membership  of  the  subjects.  The  records  were  scored  in  30-sec¬ 
ond  epochs  according  to  the  standards  defined  by  Rechtschaffen  and 
Kales  (1968).  Discrepancies  were  resolved  by  a  third  independent 
judge. 

Results 

Laboratory  Napping:  Physiological  Concomitants  of  Napping 

EEG  Sleep  Onset.  It  had  been  predicted  that  individuals  who  met 
the  criteria  for  nappers,  either  appetitive  or  replacement,  would  sleep 
more  in  the  laboratory  situation  than  non-nappers,  and  that  differences 
in  sleep  patterns  would  be  observed  between  the  groups.  We  wore  sur¬ 
prised  at  how  readily  many  of  the  non-nappers  actually  slept,  consider¬ 


ing  both  the  laboratory  conditions  and  their  normal  tendency  not  to  sleep 


during  the  day.  In  fact,  only  3  of  the  12  non-nappers  failed  to  sleep 
during  the  60-minute  period  according  to  the  standard  EEG  criteria. 

In  addition,  1  of  the  10  replacement  nappers  did  not  fall  asleep. 

Because  of  the  undue  influence  of  non-sleep  on  many  of  the  relevant 
sleep  parameters,  and  as  the  emphasis  was  on  the  nature  and  effects 
of  napping,  the  failure  to  sleep  in  these  few  subjects  is  noted,  but 
(unless  specified  otherwise)  those  subjects  were  eliminated  from  the 
following  analyses.  Thus,  the  data  below  is  based  on  11  appetitive, 

9  replacement,  and  9  non-nappers.  Basic  parametric  data  in  terms  of 
length  of  time  in  various  sleep  stages,  and  the  number  of  distinct 
epochs  of  each  sleep  stage  separated  by  at  least  30  seconds  of  a  dif¬ 
ferent  stage,  are  presented  in  Table  7. 

Both  appetitive  (13.6  minutes)  and  replacement  (11.6  minutes) 
nappers  fell  asleep  more  quickly,  defined  by  the  initial  onset  of  stage 
2  spindles  ,  than  non-nappers  (25.7  minutes;  £  <  .  02 ;  £  <  .  0 1 ,  respec¬ 
tively).  Thus,  our  main  prediction  concerning  the  greater  readiness  of 
nappers  to  fall  asleep  on  demand  was  confirmed  in  the  laboratory  nap 
using  physiological  criteria,  just  as  it  had  been  repeatedly  confirmed 
from  the  questionnaire  data. 

There  are  secondary  ways  in  which  sleep  onset  can  be  observed, 
particularly  by  the  appearance  of  slow  rolling  eye  movements  (SEM) 
which  is  usually  coincident  with  the  onset  of  desynchronization  of 
alpha  (Oswald,  1962;  Paskewitz  &  Orne,  1972),  and  with  the  initial 
onset  of  stage  1  sleep  marked  by  the  totally  alpha  free  desynchronized 


TABLE  7 
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Parameters  of  EEG  Sleep  in  Nappers  and 
Non-Nappers  During  60  Minute  Daytime  Nap 


i 

EEG  Variable  | 

Non-Napper 

N=9 

Appet 

N=ll 

Replace 

N=9 

1 

* 

t-tests 

i 

Sleep  onset  (mins . ) 

25.7 

13.6 

11.6 

N  >  (A,R) 

Time  in  Stage  1 

3.4 

8.1 

4.4 

A>(N,R) 

Time  in  Stage  2 

16.5 

16.0 

18.6 

Time  in  Stage  3 

13.1 

15.7 

19.0 

Total  sleep  time 

33.0 

39.8 

42.0 

* 

R  >  N 

No.  of  Stage  1  epochs 

2.7 

7.0 

2.6 

A  >  (R,N) 

No.  of  Stage  2  epochs 

1.3 

2.6 

1.9 

A  >  N 

No.  of  Stage  3  epochs 

0.6 

0.9 

0.8 

No.  of  awakenings 
>  3  min . 

0.1 

1 _ 

0.6 

0.4 

A  >  N* 

Note:  All  differences  £<  .05  or  better,  except  where  *  indicates 
£<•10  for  specific  comparisons.  Groups  enclosed  in  parentheses 
indicate  that  each  of  the  subgroups  differs  from  the  other  group(s) 
opposite  the  inequality  sign. 
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fast  amplitude  EEG .  For  both  appetitive  and  replacement  nappers  the 
onset  of  SEM  (after  7.50  and  6.71  minutes  respectively)  and  the  onset 
of  stage  1  (after  8.36  and  6.54  minutes  respectively)  was  significantly 
faster  than  for  non-nappers  (SEM:  2  1.6  minutes;  Stage  1:  23.7  minutes; 

£<  .002  for  all  comparisons).  However,  in  spite  of  the  similar  total 
length  of  time  asleep,  discussed  below,  stage  1  onset  lasted  for  3  and  5 
minutes  for  appetitive  and  replacement  nappers,  but  only  1.4  minutes  in 
non-nappers.  Incidentally,  while  this  was  almost  all  of  the  stage  1  ob¬ 
tained  by  non-nappers  and  particularly  replacement  nappers,  it  was  only 
about  5  5  percent  of  the  stage  1  sleep  obtained  by  appetitive  nappers. 

Some  significant  aspects  of  this  finding  will  be  discussed  below. 

Sleep  Stages.  There  were  no  significant  differences  between 
the  total  length  of  sleep  (either  including  or  excluding  stage  1  onset 
in  the  definition  of  sleep)  or  time  spent  in  stages  2  and  3  among  the 
three  groups.  Even  though  nappers  fall  asleep  more  quickly  in  the  labo¬ 
ratory,  their  nap  is  not  necessarily  longer  than  that  of  non-nappers.  How¬ 
ever,  at  least  for  the  appetitive  napper  it  is  quite  different  in  its 
structural  characteristics.  Many  of  these  features  can  bo  seen  in  the 
sleep  profiles  for  a  typical  subject;  a  representative  example  for  each 
group  is  shown  in  Figure  1. 

Appetitive  nappers  had  an  average  of  8.1  minutes  of  stage  1; 
significantly  more  than  the  4.4  and  3.4  minutes  obtained  by  tne  replacement 
napper  and  the  non-napper  subgroups  respectively  (£  <  .  10;  £  <  .  05) . 


SI««p  Sugei  I  Sl«ep  Stages  SI«€p  Sta^at 
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Group:  Non-N.appor  C  Sut>|ocl  1^:  07 


riGURi:  1 

Sleep  Profiles  for  an  Appetitive  Nappcr  (A),  a  Replacement  Napper  (R), 

and  a  Non-Napper  (C) 

Thes('  sleep  profiles  are  for  the  (lO-mlniite  laboratory  nap  period  for  typical  subjects. 
Lenoth  of  time  is  f)lott(xl  in  each  of  EEC-.sleep  stages  (defined  on  vertical  axis): 
Awake,  Stage  1,  Stage  REM,  Stage  2,  Stages  3  and  4  (delta)  sleep. 


There  were  typically  7  such  epochs  scattered  throughout  the  nap,  com¬ 
pared  to  less  than  3  each  for  the  remaining  2  groups  (£  <  .05;  £  <  .05 
respectively).  While  10  of  the  11  appetitive  nappers  showed  this 
cycling  phenomenon  (as  rated  by  a  blind  judge)  only  9  of  the  remaining 
2  5  subjects  showed  it  (exact  <. 0 1) . 

Differences  in  the  occurrences  of  stage  1  and  the  tendency  to 
cycle  tlirough  light  sleep  stages  noted  in  nappers  in  our  earlier  report 
were  confirmed  in  the  present  study.  These  earlier  results  are  further 
clarified  because  it  is  clear  that  it  is  almost  entirely  the  appetitive 
nappers  who  cycle  repeatedly  through  stage  1.  Stage  1  is  sometimes 
referred  to  as  drowsiness,  or  sleep  onset,  and  is  frequently  associated 
with  the  hypnagogic  reveries  that  accompany  sleep  onset. 

The  appetitive  napper  has  more  epochs  of  stage  1  in  his  nap, 
and  as  a  result  ho  spends  more  time  in  stage  1,  particularly  after 
sleep  onset,  than  other  subjects.  However,  he  also  has  more  epochs 
of  stage  2  and  stage  3  than  other  subjects.  The  appetitive  napper' s 
sleep  is  therefore  quite  cyclical,  relatively  unstable  or  poorly  developed 
in  terms  of  the  usual  orderly  progression  of  sleep  records.  He  has  more? 
than  11  changes  in  sleep  stages  in  40  minutes  of  sleep,  compared  to 
only  4  or  5  such  changes  in  the  33-42  minutes  of  sleep  t)f  the  othtm 
subgroups.  Lawrence  (1971)  also  noted  a  higli  frequency  of  sleep  stag(' 
changes  in  her  study,  but  it  now  seems  clear  that  this  cyclical,  perhaps 
lighter  sleep  is  experienced  primarily  by  the  app(;titive  napper. 


While  the  tcmdency  toward  rapid  cycling  b('tween  stage  1,2, 


and  awake  is  particularly  pronounced  among  appetitive  nappers,  no 
data  is  available  which  might  clarify  the  reasons  for  this  interesting 
psychophysiological  response  pattern.  It  is  possible  that  for  the  appeti 
five  napper  in  particular  the  greater  amount  of  time  spent  in  stage  1  as 
a  consequence  of  cycling  allows  for  more  hypnagogic  reverie  which, 
in  turn,  may  satisfy  psychological  rather  than  biological  needs. 
Observations  made  in  the  previous  sample,  where  it  was  seen  that  even 
brief  periods  of  napping  significantly  reduced  anxiety  and  incrc>ased 
surgency  in  habitual  nappers,  may  be  relevant.  Anecdotal  data  would 
suggest  that  these  kinds  of  naps  may  facilitate  problem  solving. 

Another  aspect  of  cycling  would  seem  to  be  tliat  it  allows  the  individual 
to  remain  in  light  stages  of  sleep  and  remain  vigilant  vis  a  vis  liis 
environment.  In  delta  sleep,  auditory  thresholds  for  awakening  in¬ 
crease  greatly  compared  to  stages  1  and  2;  further,  significant  perfor¬ 
mance  decrements  are  seen  immediately  on  awakening  from  delta  epochs 
while  no  such  decrements  occur  when  an  individual  is  awakened  from 
stage  1  or  2  . 

Previously  it  was  suggested  that  one  of  the  possible  differences 
between  habitual  nappers  and  non-nappers  was  in  the  incidence  of  delta 
sleep.  Further,  there  was  some  indication  that  nappers  who  entered 
delta  sleep  durinc;  a  relatively  brief  nap  reported  that  particular  nap  as 
an  unsatisfactory  experience.  It  seemed  plausible,  therefore,  that 
habitual  napiiers  had  learned  to  inhibit  delta  sleep  in  brief  naps  while 
non-nappers  failed  to  inhibit  delta  sloop  durine  a  brief  nap,  and  the 


consequent  discomfort  would  account  for  their  wish  to  avoid  napping  in 
its  entirety.  In  the  present  study  we  have  been  unable  to  document  an 
association  between  dysphoric  affect  on  awakening  and  the  presence  of 
delta  sleep.  This  may  in  part  be  related  to  the  somewhat  longer  period-- 
one  full  hour--which  was  available  for  the  subject  in  this  instance. 

Another  difference  between  the  present  and  the  previous  study 
which  had  initially  not  appeared  to  us  as  important  may  turn  out  to  have 
a  very  significant  role.  In  the  earlier  study  subjects  were  awakened 
five  to  twenty  minutes  after  nap  onset  and  asked  wiiether  they  had  been 
asleep  and  how  much  time  had  transpired  since  the  light  had  been 
turned  out.  In  retrospect,  it  appears  that  this  procedure  elicited  cycling 
behavior  even  in  partially  sleep-deprived  subjects.  It  may  well  be  that 
under  circumstances  where  the  subject  expects  to  be  aroused  he  seeks 
to  prevent  himself  from  entering  delta  sleep.  When  he  nonetheless  does, 
it  tends  to  be  associated  with  dysphoric  affect.  This  is,  of  course,  an 
extremely  tentative  speculation,  reflecting  the  serious  lack  of  para¬ 
metric  information  against  which  to  evaluate  the  psychobiological 
nature  of  particular  napping  episodes.  While  in  the  present  study  it 
seems  clear  that  napping  serves  different  functions  for  the  appetitive 
and  the  replacement  napper,  future  work  will  need  to  determine  what 
occurs  when  appetitive  nappers  arc  sleep  deprived  a!id  thereby  forced 
to  utilize  napping  for  replacement  purposes.  Self-report  data  indicates 
that  appetitive  napper.s  are  able  to  do  this  successfully  but  as  yt  l  we 


lad;  any  information  about  the  physiology  of  naps  in  the  same  .subject.'^ 
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that  are  required  to  serve  different  psychobiological  functions.  We 
anticipate  that  us  these  issues  become  clarified  we  will  better  uiider- 
stand  the  function  of  delta  sleep  in  the  context  of  relatively  brief  naps. 

Other  Physiological  Differences.  In  addition  to  sleep  latency 
and  sleep  patterning,  other  physiological  differences  were  noted  be¬ 
tween  the  groups  and  are  summarized  in  Table  8. 

The  napper  groups  each  had  lower  oral  temperatures  (around 
98.4°)  at  the  beginning  of  the  nap  period  than  did  the  non-nappers 
(98 .8°;_t  =  2.35;  df  =  35;  £  <.05).  Across  all  groups  of  subjects ,  oral 
temperature  declined  during  the  nap  period.  This  decline,  however,  was 
significantly  greater  for  the  replacement  nappers  (-.44'^)  and  particularly 
for  the  non-nappers  (-.61°),  It  is  not  clear  why  the  non-nappers  had 
such  high  initial  temperatures.  Since  temperature  normally  declines 
during  sleep,  and  oven  in  the  evening  hours  before  sleep  onset,  it  is 
possible  that  the  lower  temperatures  of  nappers  was  one  indication  of 
their  readiness  to  fall  asleep  quickly.  Alternatively,  the  significantly 
higher  levels  of  physical  activity  during  the  24  hours  preceding  the  nap 
(both  compared  to  their  own  daily  average  and  that  ol  other  subjects) 
could  account  for  the  higher  initial  temperature  of  the  non-nappers. 

This  could  iiave  been  the  way  the  non-napper  tried  to  prepare  himself 
to  be  able  to  nap  in  the  laboratory.  It  could  also  partially  explain  the 
sleep  onset  problem  for  the  non-napper:  porhap.s  sleep  does  not  tc;nd  to 


occur  until  this  initially  high  temperatxirc  is  iowi-rod. 


TABLE  8 


Comparison  of  Nappers  and  Non-Nappers  During 
Laboratory  Naps  on  Related  Physiological  Variables 


1 

Non-Napper 

Appet 

Replace 

_^-tesl 

mmmmm 

1 

Pre-Nap 

98.79 

98.48 

98.38 

N>  (R,A) 

1 

Change  after  nap 

-  .61 

-  .  16 

-  .44 

N>  A 

Skin  Potential 

1 

Pre-Nap 

-30.9 

-43.4 

-30.4 

•k  * 

A>R  ,N 

Change  after  nap 

13.0 

21.9 

13.  1 

Alpha  Density  Percent 

Pre-Nap 

49.8 

77.4 

70.2 

N<  (A,R) 

Change  after  nap 

+9.7 

+2.  1 

+8.3 

1 

N  >  A 

Note;  All  differences  £<  .05  or  better  except  where  *  indicates 
£<  .  10  for  specific  comparisons.  Groups  enclosed  in  parentheses 
indicate  that  each  of  the  subgroups  differs  from  the  other  group(s) 
opposite  the  inequality  sign. 


64  . 


Basal  skin  potential  at  the  start  of  the  nap  was  significantly 
more  negative  for  the  appetitive  nappers  than  for  the  other  subjects. 

As  expected,  at  the  end  of  the  nap  period  all  groups  had  less  negative 
skin  potential  than  at  the  beginning,  and  there  was  no  longer  any  dif¬ 
ference  between  them.  However,  these  electrodermal  changes  must 
be  interpreted  cautiously  since  there  was  a  considerable  amount  of 
missing  and  unscoreable  data,  particularly  after  the  nap. 

Of  particular  interest  was  the  finding  that  nappers  had  greater 
percent  time  alpha  than  non-nappers  at  the  beginning  of  the  nap;  mco 
again,  the  change  from  before  to  after  the  nap  obsorA/od  for  the  appeti¬ 
tive  nappers  was  less  than  for  the  other  groups.  Alpha  density  remained 
significantly  lower  for  the  non-nappers  throughout.  Incidentally,  as 
the  alpha  density  baselines  for  the  appetitive  nappers  wore  so  high, 
it  seems  unlikely  that  the  light  sleep  cycling  noted  was  due  to  diffi¬ 
culty  in  discriminating  awake  from  stage  1  (which  would  bo  more  diffi¬ 
cult  with  low  alpha  levels). 

These  data  suggest  that  appetitive  nappers  show  less  physio¬ 
logical  change  as  a  function  of  the  nap  than  >.i,  u  .('placement  nap¬ 
pers  or  non-nappers.  This  stability  is  in  part  a  function  of  thrj  "non- 
aroused"  baselines  at  the  beginning  of  the  nap.  The  extent  to  which 
this  contributes  to  the  positive  subjective  efforts  ol  the  nap  lor  appeti¬ 
tive  nappers  is  a  question  of  considerable  interest. 

In  general,  the  relatively  few  differences  betwi-cn  file  i. uppers 


and  non-nuppers  in  physiological  variables  an'  iitostly  diu'  to  the 


different  style  of  cycling  sleep  that  occurs  with  appetitive  nappers. 
The  naps  of  the  replacement  napper  and  the  non-napper  werc‘  not  par¬ 
ticularly  different  in  terms  of  the  EEG  distribution,  confirming  our 


impression  that  napping  for  replacement  subjects  is  more  typical  of 
regular  sleep. 

Subjective  Effects  of  Laboratory  Naps 

Sleepiness .  Four  times  during  the  experiment  the  subjects 
wore  asked  to  rate,  on  a  scale  from  1  to  10,  how  sleepy  they  felt  at 
that  time.  Prior  to  electrode  attachment,  nappers  in  general  rated 
themselves  as  sleepier  than  non-nappers  (t  =  2,21;  d{  =  35;£<.05). 
The  mean  initial  sleepiness  rating  of  appetitive  nappers  (5.3  5)  was 
significantly  "sleepier"  than  non-nappers  (4 . 00;  £  <  .  10) .  However, 
replacement  nappers  (4.73)  did  not  differ  from  non-nappers. 

After  the  electrodes  were  attached,  immediately  after  awakr^n- 
ing  from  tlie  nap,  and  again  after  electrodes  were  removed,  there  were 
no  significant  differences  among  the  groups.  The  final  ratings  for 
appetitive  and  replacement  nappers  and  non-nappers  of  2  . 54  ,  2.44, 
and  2.89  did  not  differ  significantly.  However,  nappers  rated  them¬ 
selves  significantly  less  sleepy  at  the  end  of  the  nap  than  at  the  Ire- 
ginning  of  it  (£  <  .005;  £<  .05  for  appetitive  and  rc-placement  subjects). 
Thf?  change  from  pre-  to  post-nap  sleepiness  was  not  significant  tor 
the  non-nap[rers . 


Nappers  showed  a  significant  "waking  up"  effc-ct;  siqnifieant 
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ilL'(;rea:se s  wore  observed  between  the  third  scale  presentation  inimed;- 
audy  after  awakening,  and  the  fourth  given  after  electrodes  were 
io!''.oved.  Thus,  to  the  extent  that  those  ratings  can  be  interpre^ted 
ii'liably,  appetitive  nappers  wore  sleepier  than  other  subjects  at  the 
outset  of  the  laboratory  nap.  All  nappers  wore  loss  tired  after  slocpnvi 
though  tliis  was  noted  after  they  had  been  awake  for  several  minutes. 

In  general,  non-nappers  received  no  subjective  benefits  from  the  nap, 
reeling  abeiut  the  same  as  before  it. 

Depth  of  Sleep .  No  differences  in  ratings  of  depth  of  sleep 
during  the  trap  wore  found  between  groups,  whetlrer  at  the  end  of  the 
nap  or  at  the  deepest  subjective  point  during  the  nap.  That  the  sleep 
wa.s  considered  to  be  reasonably  deep  was  indicated  by  the  mjoan 
10-point  scale  ratings  of  7.8  and  8.3  for  nappers  and  non-nappers 
losin  ctivoly . 

Satisfaction  with  the  Nap.  After  awakening,  subjects  were 
uEk(jd  to  report  on  a  scale  from  -5  to  +5  their  satisfaction  with  the  nap. 
The  ;:ca]''  wa  ;  pre:-u;nted  again  after  electrodes  were  removed  and  sub¬ 
jects  had  mcjved  around  in  the  laboratory.  Nappers  reported  being 
siqnific-aiitly  moie  satisfied  with  the  nap  than  non-nappers  during  fjoth 
Llie  first  (+3  .  versus  +0 .78;_t  =  4 . 50;  £  <  .002)  and  second  (+2  .  78  ver 
:;us  t  -  5.03;  ]J  <  .001)  presentations  ot  the  scale.  Thus,  nap¬ 


pes.,  it:  i''ui'ial  expiostv' i  :;atislac;tion  with  tlie  nap,  whereas  the' 


non-nappers  did  not:  their  initial  rating  did  not  differ  significantly 
from  a  zero  rating,  indicating  a  subjective  neutrality  about  th.nr  slno]-  , 

Appetitive  nappors  and  non-nappers  felt  more  salisfiec  afti,-: 
benny  awake  for  a  period  of  time  than  after  first  awakening,  however, 
replacement  nappers  did  not  change  their  satisfaction  ratings  . 

A  scale  similar  to  the  satisfaction  scale,  asking  siiop  cts  Id 
rate  whether  they  were  feeling  worse  or  better  as  a  function  of  thii 
nap,  was  also  presented  twice.  The  correlation  between  the  initial 
".'atisfaction"  and  "feeling  better"  scales  was  .75  for  the  whole  sam¬ 
ple.  These  scales  seem  largely  redundant  from  the  subjects'  perspc:. - 
tivo,  and  a  parallel  set  of  results  was  obtained  with  the  "feeling  octtor 
scale . 

These  results  seem  consistent  with  the  depth  of  sleep  ratings, 
indicating  that  the  subjects,  with  tire  exception  of  replacement  nappers 
took  a  little  time  after  awakening  before  the  positive  subjective  effects 
oi  the:  nap  were  noticed. 

Arousal  Time .  An  attempt  was  made  to  explore  this  "slow 
arousal'’  by  examining  two  reaction  time  measures  made  immediately  on 
awakening:  (a)  time  taken  to  show  any  EEG  signs  of  arousal  and  (li)  tin 
taken  to  answer  the  loud  phono  next  to  the  bed  to  report  thou  subjectiv, 
sleepiness  rating. 

The  fa. .test  EEG  arousal  time  was  obtained  in  the  non-napt>er 
orou|j  (fi.Sh  e(.:onds)  tliounh  this  differed  significantly  from  or.ly  tin 


\ 

H  . 


appi.'titivo  nappers  (0.87  stjconds; _t  =  1.76;£<.10).  In  fact,  replace-- 
;  .t  ilt  nappers  liad  the  slowest  reaction  time  (1.24  seconds)  but  as  a 
troup  were  extremely  variable.  Phone  reaction  time,  however,  wa.-, 
significantly  faster  for  appetitive  nappers  (3,88  seconds)  than  for  non- 
nappor.;  (5.44  seconds;  £<  .05)  and  replacement  nappers  (6.92  seconds; 
e  .05). 

An  index  of  arousal  lethargy  could  be  derived  as  the  difference 
between  the  time  it  took  to  reach  the  phone  less  the  EEG  arousal  time. 

As  would  be  expected  from  the  subjective  ratings,  appetitive  nappers 
■rwoke  faster  (3.01  seconds)  than  replacement  and  non-napper  subjects 
(5.68  and  4.87  seconds  respectively,  £  <  . 02  5;  £  <  . 20) .  As  appetitive 
nappers  were  predominantly  cycling  in  and  out  of  drowsiness  and  light 
sleep,  this  is  not  altogether  surprising. 

The  interpretation  of  these  findings,  however,  requires  considor- 
nl'lo  cauti'On.  For  the  combined  sample  of  29,  speed  of  recovery  from  tiie 
nnp,  ns  indexed  by  the  difference  between  EEG  and  phone  arousal  reac¬ 
tion  times,  correlated  po.fitively  with  whether  subjects  were  awake  at 
rt  f'  fu/l  .-if  the  session  (.33;  p<.05),  how  tired  they  were  before  tiie 
t,-;;  ii'-  irii!  (:  -  .39;  jj  <  .02),  and  decrease  in  oral  temperaturtf  durim;  t: n 
nnp  (r  =  .44;  £  <  .01);  negatively  with  the  length  of  time  in  stage  2 
(-.38;  ^1  <  .025)  and  stage  3  (-.36;  £  <  .05)  sleep,  and  waking  alt'tia 
density  both  before  (-.39;  £  <  .02)  and  after  (- .  36;  £  <  .05)  the  nap . 

The  latter  correlation  may  only  mean  that  a  measure  based  on  ELG 
aroM  -.al,  flcfined  by  the  pre.sonce  of  alpha,  may  not  bn  a  very  good 


r 


.  •'a.ii  !■''  i  .  i.  'jfH't.-  (jt-norating  littlo  baselir.f’  alpha. 

Accuracy  ^>t  Siiujoctivi;  Time  Estimator.  In  our  provioua  report 
w  ;  liod  L.'iitatK’c'r.  •OLip.d  ovidonco  indicating  tnat  nappers  and  non-nap- 
i;,c.y-  b>'  lisiiu:  dificnont  criteria  for  what  tb.oy  conroJer  to  sleo;), 
at  it'O.u  •v!  ilc  l  apping.  This  evidence  wa.s  derived  primarily  iron, 
cat,!  in-  olvin  i  estiiiiatcs  of  how  long  their  laboratory  nap  had  lastea. 

Aw  ragliig  5  subjects  over  7  days,  we  found  that  nappers  were  r:'...>re 
aci  crate  in  estimating  sl(>op  time  if  stage  1  onset  is  excluded  fr nr 
'  CEG  criteria  of  sloop.  However,  if  stage  1  is  included  in  the 
slo"p  criterion,  then  tlir;  non-nappers  were  significantly  more  accurate 
,  !  their  estimates . 

The  results  in  the  present  study  are  not  as  clear-cut.  The 
present  nap  length  was  60  minutes  compared  to  30  min,ites  for  each 
.,ap  in  the  oarlinr  study;  and  the  data  are  available  fur  only  one  nap 
lathor  that,  an  averr.po  of  eight  naps.  In  general,  nap  length  esti¬ 
mates  in  tins  study  were  highly  variable  in  all  groups  (more  so  in  non- 
c  pet  c  id  loss  so  in  appetitive  nappers) .  Subjects  tended  to  ovoresti 
iP  j;ig  they  had  lieon  asioep  in  terms  of  either  way  of  dotirinq 

;  'cep. 

I  is  -lepancies  in  the  subjective  and  EEG  estimates  of  sloop 
Citi'd  in  Figure  2,  both  excluding  and  including  stage  1 

mil  l!  of  sleep.  Allowing  for  the  tendency  toward  over 
,  trenri  ol  the  data  was  similar  to  th('  previi'us 


Unaer-  -t’.n.att  Xao  Timt;  Ovoie.Sc'.i.'.atc  Ka;  inTi'' 


FIGURE  2 

Misjudgment  of  Time  Spent  Napping 

A:  Excluding  Stage  I  time;  B:  Including  Stage  1  time  in  the  definition  of 
total  EEG  nap  time 

N-N:  Non-Napper;  AN;  Appetitive  Napper;  RN;  Replacement  Napper 
(N;  Unclassified  Napper  in  previous  study) 


Qi'idlysid;  however,  none  of  the  differences  betwi.'on  rinpiiers  and  non - 
.lapix'r:'. ,  noi  tlie  difference's  lietwoen  tlu' diifcncMit  typi-s  oi  napp'ot:;, 
were  sin:;i ficnn.t--partly  because;  of  the;  extreme  variability  of  tnese 
estiniales .  In  general,  appetitive  nappers  overestimated  sleep  length 
w'x:!!  sta'ic  1  was  excludeel,  but  underers ti mated  wlu;n  stage  1  was 
ii'e'lude  ei  (t  =  9.28;  <  .00001).  The  replacemeirt  nappers  underesti¬ 

mated  sleep  l(;ngth  rcgarelless  of  how  total  sleep  was  defined.  How- 
ewer,  non-napoers  overestimated  sleep  time  by  y .  3  minutes. 

Subjective  time'  ('stimatens  of  .sleep  onset,  and  the  number  of 
timcjs  the  subjects  awakened  during  the  nap  agreed  closely  with  the 
LLG  data.  Replacement  nappers  tended  to  overestimate  the  length  of 
t  irne  it  rocuirod  them  to  fall  asleep  by  4.25  minutes  [t  =  1 . 98;  £  <  .  10) . 
Appetitive  nappers  and  non-nappers  estimated  sleep  onset  accurately 
wjthin  1  minute,  oven  though  the  latency  to  sleep  onset  in  these  tv/o 
.  ubcroLips  was  quite  diffeient. 

In  general,  subjects  quite  accurately  reported  the  number  of 
liiiK'.s  they  thought  they  awakened  compared  to  the  EEC  data.  However, 
appetitive  nappers  reported  that  they  were  awake  fewer  times  than  the 
blk',  record  indicated  (wirere  ECG  awakenings  werrj  rlr'fined  as  being 
ir';ater  than  tlirm;  minutes'  duration).  Ttic  tendency  to  underestii’rate 
n ■ 'ijinaicy  of  awakr'iiing  {t-  1.99;  £<  .10)  may  lie  in  jiart  a  tunctio:i  ot 
!  -  oiipr'titivr;  napper's  definition  of  what  constitutes  sleep,  particularly 


Somo  Suggestive  Trends  from  Correlational  Data 


We  w.M'e  [jart’.cularly  intorc^sted  in  determining  what  iactrmri 

might  predict  whetlier  the  subject  would  be  satisfied  with  the  lauora- 

uiiy  nap',  and  the  extent  to  which  those  predictors  were  differcu'd  lor 

t'u'  throe  groups  oi  subjects.  We  were  also  interested  in  wiiich  o{  tta 

variables  other  than  EEG  sleep  stages  might  differentially  relate  to  t.a- 

)  1 

rilin'  ijJC'tu'  in  the  different  EEG  stages  of  sleep  during  tne  nan. 

Recovery  from  Fatigue.  While  several  ratings  of  recovery  from 
I'atigur'  wer('  taken,  the  difference  in  ratings  on  the  iO-point  seal" 
asking  how  sleepy  the  subject  was  at  the  beginning  and  end  of  ti.o  ses¬ 
sion  .seem  to  bcsi,  reflect  recovery  from  fatigue.  For  the  non~napper, 
'inly  the  subject's  judgment  (but  not  necessarily  the  EEG  evidence)  that 
ho  was  awaki'  at  the  end  of  the  60  minutes  correlated  with  tho  maynitudo 
o:  tlio  (Very  from  initial  fatigue  (r  =  .62;  £  <  .  10).  The  longer  tne  re- 
: ' laeomoi'it  nappor  felt  it  took  liim  to  fall  asleep,  tho  loss  recovery  from 
inttgun  he  reported  -.68;  £<.05).  In  contrast,  tho  appetitive  nai  - 
nor  v.'ho  felt  il  took  longer  to  fall  asleep  was  mucs,  loss  tired  after  nap- 
I'.g  (i_  -  .57;  £  <■  .  10),  particularly  if  lie  rated  iiimsoli  as,  sleeping  dt'ei, 
ly  (;  -  .S)7  ;  £  <.  .05),  ant!  sloeiiing  for  a  long  time  (r  =  .54;  £  e  .  l(i). 

Tlio  appetitive  napper  also  felt  the  nap  helped  him  overcome  h.is  initial 
tiredness  il  ini  awal'.ened  slowly.  Whether  tiie  foelinu  of  being  l,js.  lirr- 
was  .1  hinotion  of  the  tench'iicy  to  cycle  and  derive  benefit  from  stauc  1 
mentation  is  not  clear,  but  could  aevount  for  the  rilfference  ijetwn  u 
.ipiv'titive  anri  rf'filaceinent  groups. 


Satisfaction  with  Nap.  Subjects  rated  how  satisfied  they  W'-'rc 
with  the  nap  on  a  -5  to  +5  point  scale  after  they  had  time  to  fully  ar.j  : 
from  their  nap.  In  general,  non-nappers,  as  reported  above,  were'  no* 
as  satisfied  with  the  nap  as  were  other  subjects.  Higher  satisfaction 
ratings  were  given  by  tliosc  non-nappers  who  had  lower  initial  oral 
temperature  (r  =  .68;  £<  .10),  little  change  in  alpha  density  from  pro¬ 
to-  post-nap  baselines  (r  =  .67;  £  <  .  10)  and  rated  themselves  as  sloe;.  - 
o'.g  lightly  [r  =  -  .66;  £  <  .  10).  Nap  satisfaction  for  the  non-nappor  thus 
:iad  nothing  to  do  with  EEG  sleep  parameters  as  such.  Replacemer.t 
na.pjiers  had  a  different  criterion:  they  were  more  satisfied  if  they  fell 
asleep  more  quickly  (r=-.60;  £<.10),  had  more  delta  (stage  3)  sleep 
(r  =  .  63 ;  £  <  .  10) ,  and  felt  they  slept  deeply  (r  =  .68;  £<.05). 

In  spite  of  these  possible  differences  in  factors  accounting  for 
nap  sati.sfaction ,  replacement  nappers  and  non-nappers  rated  nap  satis- 
!  'ction  higher  if  they  had  a  slower  reaction  time  to  the  phone  (r  =  .72; 

£<  .025;_r=:  .70;  £<.05  respectively),  i.e.,  if  it  took  them  a  longer 
time  to  respond  after  awakening.  Similarly,  the  nap  was  more  satisfy- 
ii’u  the  longer  the  discrepancy  between  the  EEG  and  phone  reaction  time.  , 
■•/'licli  w<-  tentatively  considered  to  be  an  inde.x  of  ternperary  disoiienia- 
!  I  on  (r  -  .  87  ;  £  <  .  00  1 ;  _r  =  .  h7  ;£<.  10  respectively) .  It  is  particulai  I', 
sigmlicant  that  neither  thosi*  arousal  variables,  nor  any  physiologic. li 
..loop  parameters,  predicted  nap  satisfaction  for  appetitive  nappf'r.s,  and 
i'one  of  tfie  corresponding  correlations  oven  approached  significance. 

The  only  two  variables  that  correlated  with  nap  satisfaction  for  the 


; 


appetitive  nappers  concerned  the  subjective  passage  of  time.  The 
nap  was  more  satisfying  if  the  subject  perceived  the  session  to  be 
short  (r  =  -  .68;  £  <  .05)  and  particularly  if  he  felt  he  slept  for  a 
shorter  period  of  time  than  the  EEG  indicated  he  did  (r  =  -  .80;  £  <  .01). 

For  appetitive  nappers,  satisfaction  was  unrelated  to  depth 
of  sleep  (r  =  .14),  while  for  replacement  nappers  satisfaction  in¬ 
creased  with  sleep  depth  (r  =  .68;  £<.05),  and  for  non-nappers 
depth  iiad  a  negative  effect  on  satisfaction  (r  -  -.66;  £  <  .10). 

At  the  risk  of  overgeneralizing,  nap  satisfaction  seems  to  be 
Q  function  of  (a)  the  swift  passage  of  time  for  the  appetitive  napper, 

(b)  rapid  onset,  deep  sleep  and  arousal  disorientation  for  the  replace¬ 
ment  napper,  and  (c)  metabolic  factors  (low  temperature,  EEG  "relaxa¬ 
tion,"  etc.)  along  with  post-nap  disorientation  for  the  non-napper. 

Predictors  of  EEG  Nap  Parameters.  There  were  some  differences 
ijetwe<'n  the'  giOups  in  tliose  variables  which  were  related  to  tin;  l^asic 
!d'G  ieep  parameters  rec.orded  during  the  nap. 

(a)  L.  a  t  e  i :  c:  y  to  spindle  in  sleep  onset:  Rcplaci'- 
:  ;•  :it  :.ni)p,  r.;  who  I'dl  n:;!eep  ciuickly  were  mori'  satisfied  with  the  nap 
(r  -./4;  £  V  .01),  but  woke  up  more  slowly  ^  =  .80;  £<  .0025).  Non- 
tiafipors  wt  )  fell  asleep  nnickly  had  less  .sleep  the  previous  night 
(r  -  -  .hi;  £^  .  lu).  Noni;  of  the  physiological  variables  investigated 
predif'ted  sh'ep  onset  for  appetitive  nappers. 

(1j)  Time  in  s  t  a  <4  e  1  sleep:  Replacement  nappers  who 


obiainod  more  stage  1  were  more  tired  before  the  nap  (r  =  .  72  ;  £  <  .02), 
anti  awt>k.o  more  slowly  U ,  -  .80;  £<  .0025).  Non-nappers  with  mort: 
stage  1  also  awakened  more  quickly  ^  =  -  .06;  £  <  .  10).  Again,  there 
were  no  correlates  of  stage  1  in  appetitive  nappers,  except  that  tiie 
amount  ntage  1  correlated  .80  (£  <  .002)  with  the  number  of  stage  1 
epochb--a  reflection  of  the  appetitive  napper's  tendency  to  cycle 
through  light  sleep  during  his  nap. 

(c)  Time  in  delta  (stage  3)sleGp:  Replacement  nap¬ 
pers  with  the  most  delta  sleep  reported  they  slept  more  deeply  (r  =  .66; 
£<.05),  felt  more  satisfied  (r  =  .63;  £<.10),  awakened  more  slowly, 
and  experienced  more  disorientation.  There  were  no  important  corre¬ 
lates  of  delta  time  for  appetitive  nappers  and  non-nappers. 

(d)  Total  sleep  time:  Except  where  noted  above,  there 
wue  no  Important  correlates  of  total  sleep  time. 

(e)  Time  awake  at  end  of  nap:  Appetitive  nappeis  werr^ 
I'  ;  ;  i  i :;oi  I. intcd  at  the  end  of  the  session  if  they  had  been  awalo'  lor 
.o.'iic  time  (r  =  -  .57;  £<  .  10).  Non-nappers  who  slept  longei  "last 

.1  d  I"  ■e  -:.'  v/n.>  ho  i  f.icre  epoch.s  el  .stage  1  in  ttieii  LCG  nap  i.  .-  igi  Wiue 
'!(■  Ie..'l/  t,  .  i  '>  ,iv/a‘'.<-  at  the  /^nd  of  ttm  .'n -.s.sion  . 

It  is,  ot  co’irse,  not  possible  to  tell  how  much  we  sl.oulti  u  ly  oi 
;i'  '■  irr'dafi  ba.se'd  on  I'xtieinely  small  .samphe,  and  e.j  pi  t  a  1  ix  i  no 

s  iiiif.’iown  degree  or  chwncc  fluctuations,  wheie  the  deviant  lespor,.- r 
M-  (..vycii  only  ons'  subject  can  radicalh'  alter  the  maejmtude  ol  a  conela- 
tioi).  At  least  most  of  the  results  highlighted  al)o''c;  sei-m  consistent 


with  otiier  characteristics  of  the  different  types  of  subjects  outlined 


throughout  this  report.  Such  data  provide  the  basis  for  additional 
hypotheses  regarding  napping  that  can  be  tested  empirically  in  later 
studios . 


4 .  15  -DAY  SLEEP  DIARIES 


The  subjects  who  participated  in  the  laboratory  napping  study  com 
})leted  a  sleep  diary  questionnaire  for  14  days  after  the  napping  session. 
Their  first  home  diary  report  was  always  completed  the  day  after  they  had 
Lurtici paled  in  the  laboratory  nap  study. 

There  were  several  aims  during  this  part  of  the  investigation:  (*3) 
Wc:  were  interested  in  the  day-by-day  variation  in  such  variables  as  sloei 
length  and  onset,  and  the  quality  of  sleep.  There  are  a  few  scattered 
studies  which  have  had  subjects  in  different  populations  report  daily 
sloop  patterns.  The  recently  available  thesis  by  Lawrence  (1971)  is 
probably  the  most  comprehensive.  (b)  The  diaries  allow  us  to  compare 
daily  sleep  patterns  in  napping  groups,  and  provide  a  means  of  confirm¬ 
ing  the  validity  of  some  of  the  statements  made  in  the  original  napping 
<4uos i n sniiairo  in  which  "typical  day"  ratings  and  estimates  wlto  made. 

Tilt:  id'-quacy  of  such  data  depends  largely  on  tin,  care  with  wlucti  .uk-'i 
diuri'-  s  are  kept,  (c)  We  wished  to  e.<plore  the  relationship  between  the 
ocourroi.co  of  napping  and  its  effects  on  nighttime  sleep  patterns.  This 
involved  two  kinds  of  data.  First,  we  examined  the  effect  of  the  lab  >ra- 
lory  nap  on  the  subsequent  night’s  sleep.  There  are  a  few  studies  (  x- 
idoring  the  LEG  stages  of  night  sleep  in  term.s  of  whether  naps  occurred 
it  certain  times  during  the  day.  (Karacan  et  al .  ,  1970b),  but  we  were 
iJiin  anly  concerned  with  the  subjects’  self-rep^irted  patterns  rather 


ban,  at  this  time,  EEG-monltored  night  sleep.  Only  limited  aspi'cts  el 


Kleitnian  et  al.'s  (1937)  early  study  bear  on  this  question.  While  these 
few  studies  attempted  to  investigate  the  effects  of  napping  on  the  sut  - 
sequeiit  night's  sloop,  no  studies  have  addressed  the  relationship  of 
the  previous  night's  sleep  patterns  and  napping.  Such  data  arc  likely  to 
shed  light  on  possible  reasons  why  subjects  choose  to  nap,  or  not  to  nap, 
on  a  certain  day. 

An  exploration  of  these  issues  was  expected  to  clarify  some  of 
our  oailier  results  as  well  as  providing  some  insights  regarding  wnen  and 
why  some  people  nap  some  of  the  time  and  what  attributes  can  do  mean¬ 
ingfully  isolated  that  affect  its  incidence  and  enjoyment. 

The  problems  of  obtaining  reliable  self-report  data  of  this  kind 
are  well  appreciated,  and  given  the  small  samples  of  the  present  study, 
although  compensated  for  in  part  by  how  carefully  the  subjects  were 
selected,  render  this  an  exploratory  investigation  at  best,  Nevertheless, 
such  an  intensive  sleep  diary  over  cvem  two  weeks  has  infrequently  inn  n, 
n.  ported  i!i  the  literature,  except  in  the  specific  conti'xt  of  collecting 
rernemhored  dreams,  and  we  know  of  no  similar  attempt  to  keep  any  con- 
simMiL''!  records  r  .laled  to  napjiing  behavior. 

General  Procedure 

i'hc  special  sb'ep  diary  was  derived  from  the  Patterns  of  Sleep 
Questionnaire  that  we  had  been  using  in  other  work  within  the  laboratory. 
A  Copy  u,  attdch'vl  In  the  apiiendix.  A  broad  range  of  questions  using  a 


n  arked  vaiieiy  of  i tem -format  was  employed.  Some  redundancy  was 


involved  in  order  to  check  on  the  reliability  of  the  reports. 

All  subjects  filled  out  the  longer  version  of  the  diary  (bur  in¬ 
cluding  the  same  questions  ashed  in  the  same  consecutive  order  as  on 
subsequent  days)  after  they  first  arrived  at  the  laboratory  and  were 
introduced  to  the  purpose  of  the  study.  It  was  completed  before  the 
nap  period,  and  asked  questions  about  the  night  preceding  the  labora¬ 
tory  nap,  as  well  as  the  preceding  day.  This  first  completion  will  be 
referred  to  as  the  pre-nap  diary.  Any  major  variation  in  response  from 
this  day  compared  to  the  subsequent  sequential  two  weeks  presumably 
reflected  in  part  anticipatory  reactions  to  the  nap  they  knew  they  would 
attempt  to  have  within  the  laboratory  setting. 

On  some  rare  occasions  some  subjects  indicated  some  special 
difficulty  or  anticipated  atypical  sleep  patterns  (e.g.  ,  impending  exam¬ 
ination  periods,  special  vacation  periods,  etc.)  in  which  permission 
was  given  to  skip  a  series  of  days,  as  long  as  this  was  so  indicated. 
However,  the  first  questionnaire  was  always  tilled  in  the  night  after  the 
laboratory  nap,  and  this  will  be  inferred  to  as  the  pnjst-nap  diary.  The 
il lowirjy  IJ  ilay;.  pruvidisJ  a  l>aseline  describing  the  subiects'  actual 
i.lei'p  parameters  and  habits. 

Of  the  subjects  comprising  the  main  subgroups  analyzed  in  the 
nrevi-jus  section,  12  non-nappers,  10  appetitive  nappers  (1  missing)  and 
h  rei  laccTn'Tit  nappers  (2  missing)  were  analyzed.  The  three  diaries 
not  inulyzed  were  not  returned  on  time,  but  were  all  eventually  obtained 
(though  I  K  •/  wi n-  not  completed  on  consecutive  days). 

i 


Several  methods  of  data  reduction  are  being  conducted,  but  arc 

not  all  completed.  Pre-  and  post-laboratory  nap  days  were  compared 

for  the  different  groups.  A  -3-day  mean  score  on  cac  ;  variable  v/as 

calculated  for  each  subject,  providing  a  mean  baseline  sleep  perform - 

12 

ance  for  each  subject. 

A  more  complex  series  of  analyses  centered  on  the  use  of 
"target'  days.  A  target  day  nap  diary  was  one  which  was  filled  out  the 
morning  after  the  subject  had  a  nap,  whereas  a  target  no-nap  diary  was 
one  filled  out  following  days  on  which  no  nap  was  reported  during  the 
iireceding  day.  A  comparison  of  the  mean  performance  (on  a  particular 
variable)  based  on  all  of  the  target  day  nap  diaries  with  the  target  non- 
nap  diaries  allows  a  comparison  of  napping  groups  in  terms  of  the  con¬ 
sequences  (on  sleep  parameters  and  satisfaction)  of  napping  compared 
to  not  napping.  The  first  two  diary  days,  which  preceded  and  followed 
tnc!  laboratory  nap,  were  not,  for  obvious  reasons,  included  in  this 
.-and  cl  analysis,  although  separate  comparisons  were  made  of  those 
two  si)ecial  days.  Adopting  a  similar  logic,  the  parameters  of  sleep 
wliich  may  have  l,>e(:'n  determinants  of  the  decision  to  nap  on  a  particular 
day  could  bc'  oxp'ored  by  analyzing  the  diary  records  completed  on  th'' 
morniny  on  which  the  target  nap  occurred  (i.e.  ,  referring  to  the  day  and 
lUgiit  before  the  nap  or  non -nap  took  place).  While  this  procedum  night' 
sleep  ;-ararnctcr  may  have  been  in  turn  influenced  by  the  preceding  day's 
decbsion  to  nap  or  not  nap,  sample  sizes  were  too  small  to  assume  any¬ 


thing  othe'r  than  these  contingencies  averaged  out  over  the  two  groups. 


It  should  be  noted  that  the  napping  questionnaire  discussed 


n  tiie  .-arlier  section  concerned  typical"  or  "general"  self- 
1  I'orti  1  napping  and  sleep  characteristics.  The  sleep  aiary  asked 
.'.penric  questions  within  the  same  broad  areas  about  "last  night"  or 
y^'s'erday. " 

Sleep  Patterns  during  15  Diary  Days 

Nappers  versus  Non-Nappers.  There  were  relatively  few  dif¬ 
ferences  1’  the  day-to-day  sleep  patterns  reported  by  the  various  groups. 
This  result  may  have  been  anticipated  in  view  of  the  results  already 
reported  showing  relatively  few  differences  in  habitual  sleep  patterns 
found  on  the  napping  questionnaire.  In  addition,  any  differences  that 
are  specifically  a  function  of  napping  would  be  minimized  in  such  a 
eoiT.pdrison  because  some  days  on  which  naps  occur  are  averaged  with 
.  tnef^  on  which  no  naps  occur.  Presumably  for  tiiese  iatter  occa 

.-■■ion.',  m.iny  of  tnj  napper  nubjoct:i  could  reasonally  be  e.xpected  to  havo 
sleep  patterns  quite  similar  to  those  of  non-nappers.  While  some  spe¬ 
cific  c  om  pat:  S'.'i'o-  will  be  made  in  the  following  section,  in  general, 
c'-are:  .amiveii  tru:,  av<’i.,iqing  responses  over  IS  days  were  quit;.'  sirniar 
and  rcmarkaijly  consistent  with  corresponding  results  obtained  from  the 
otiqinai  napping  qu'istionnaire  that  asked  similar  questions  concerninq 
lynical  conditions. 

Some  differences  between  nappers  and  non-nappers  were  found 


which  seemed  internally  consistent.  The  nappers  reliably  rated  themselves 


•  IS  bojt'ig  more  sleepy  ut  the  time  they  filled  out  the  diary  than  the  eon- 
viappers  (£  <  .02),  aithough  there  was  no  overall  difference  in  the 
vo'.e  'i  :iay  ilic  diaries  were  completed.  They  also  reported  ti-.at  they 
could  readily  fall  asleep  at  the  time  they  were  filling  out  the  diaries 
(^  <  .001)  if  they  had  the  opportunity  to  do  so.  Nappers  rated  them- 
S'  Tver  O',  a  10-point  scale  ns  sleeping  bettor  'last  night'  (8.3t)  tnan 
li'e  no'i-;iappors  (b.86;  jj  <  .02). 

Non-nap{;ors  reported  it  typically  took  them  2d. 6  minutes  to  fall 
osleop  at  night  compared  to  17.91  minutes  for  the  nappers  =  l.t'u; 
u  <  .10).  In  particular,  the  appetitive  nappers  fell  asleep  (^  =  lu.y) 

faster  than  the  non-nappers  (p__  <  .05).  While  these  times  surprised  us, 
they  compare'  favorably  with  the  mean  of  26  minutes  latency  reported  l  y 
Lawrcijcc  (1971)  using  a  similar  approach.  However,  these  act..;al 
15-day  average  reported  sleep  onset  times  were  about  5  minutLS  siowcr 
tiian  !  .piort'.'d  on  the  'lapping  questionnaire  for  each  gnam.  (.see  I'aMi  i). 

In  ucneral,  be)th  apiietitive  and  replacement  ;iapp>ers  fiib.J  ,.;ul 
the  diaries  in  much  the  same  way.  Appetitive  nappers  tended  to  rate 
i.'u  iiiselve;;  as  much  sleepier  in  the  morning  than  the  replacement  nappers 
(t  =  1.92;  p  <  .001).  I'nere  were  also  very  few  differences  between 
appetitive  and  replacement  nappers. 

Di  fterenccs  between  Pre-  and  Post -Nap  Diary  Reports 

Important  differences  between  the  responses  of  subjects  on  tlie 


ileep  diary  (jn  tin,'  day  tliey  slept  in  the  laboratory  (and  tin  preci'  ;i:  . 


night)  con-, [.dr'.'.i  to  tho  n-huoncc-s  on  the-  day  (and  night)  after  the-y  slept 
m  the  laboiatu',  n,  .n  rablo.s  'i,  10,  and  11.  Comparisons 

witii  tim:  l  i-da/  :  o •  1  ■  rii  a;-,  (•  deluding  the  pro-  and  post-nap  nights) 
are  also  Sij:’imar,cea,  I'ron-;  thest-  tables  it  ns  possible  to  draw  some 
conclusions  re  garamg  the  leiative  benefits  or  ill  effects  of  the  labora¬ 
tory  nap  i'.  the  napper  and  non-napper  groups,  as  well  as  to  check  on 
the  degree  to  winch  the  pre-nap  diary  was  typical  of  the  average  diary 
responses . 

Table  9  summarizes  the  descriptive  parameters  of  sleep  onset 
and  length  for  the  pre-  and  post-laboratory  nights,  compared  to  the 
average  of  the  13-day  diary  baseline.  There  are  no  major  significant 
differences  between  groups.  Some  non-nappers  had  considerably  more 
difficulty  sleeping  after  the  laboratory  nap.  That  night  they  took  an 
.jdditional  1  1  minutes  to  fall  asleep,  and  slept  for  about  2  5  minutes 
less  tiian  they  typically  did  during  the  diary  penod.  For  both  measures  . 
the  higii  degree  of  variability  between  subjects  precluded  statistical 
significance,  but  post-sleep  variability  in  sleep  onset  time  was  much 
greater  than  the  baseline  average  or  the  pre-nap  mean  (p  <  .01).  It 
seems  that  the  nap  actively  interfered  with  the  night  sleep  of  at  least 
some  non-nappers.  Although  the  differences  are  smaller,  the  appetitive 
napper  curtailed  sleep  both  before  and  after  the  laboratory  nap,  but 
tliis  was  less  apparent  for  replacement  nappers.  However,  while  the 
nap  Ic'd  the  repbiceinent  napper  to  take  longer  than  usual  to  fall  asleep, 
the  appetitive  napper  fell  asleep  more  quickly  after  the  nap.  While 


TABLE  9 


L4. 


Cunii-drisons  of  Estimated  Sleep  Parameters  for  Appetitive  (N  =  10), 
-iL'placemont  (N  =  8),  and  Non-Nappers  (N  =  12)  for  Nights 
Preceding  and  Following  Laboratory  Nap  Compared  to 
Two-Week  Sleep  Diary 


SL  yn  Diary 

13-Day  Avg  j 

Pre-Lab  Nap 

Post-Lab  .Nap 

Basr  1  in 

Estimated  Time.. 

1  N-N 

1 

App 

Rep 

N-N 

1 

App 

Rep  i 

N-N^ 

App 

R.y. 

Time  to  bed 
la  .St  night 

1 

01:01 

01:06 

01:07 

01:07 

1 

1 

01:12 

01:25 

^  D 

00:57  ! 

j 

01:12 

0  r:  In 

Time  awake 
today 

1  0  8 ;  4  () 

08:30 

08:48 

08:35 

08:10 

08:55 

08:25 

i  07:55 

.  '■'8:5;.' 

Hours  slept 
last  night 

7:  12 

7:01 

7:22 

1  7:01  1 

6:42 

7:04 

1 

6:42  j 

! 

1 

I  0:31 

1 

1 

Minutes  to 
fall  asleep 

j  2  9.2 

18.7 

I 

1 

1  27.7 

16.5 

2  u .  3 

* 

40.':^ 

i  15.5 

L  .. 

! 

-  - i 

*Non-napper  variance  greater  on  Post-nap  night  than  on  Base  13  day  ot  Pre-'iap 
(■'.q.  ,  F_=  8.82,  p  c  .01  for  post-night  compared  to  baseline  va.danco  of  ninutc.s  t;)  laii 
a.de''p  respectively). 

Note. --For  any  within  group  comparisons,  differences  between  means  are  in.-ignl 
cant,  although  replacement  nappcrs  arc  more  variable  post-nap.  Between  qr  nie  signifi- 
cnnce  tests  arc  not  r.,  corded  on  this  table,  though  there  are  virtually  no  nubgroui  iifh  : 
ences  on  any  of  thesi'  measures  except  for  the  greater  variability  of  non-nu;  p-u;, ,  ri-'.'i 
replacement  napi-er.s  to  a  smaller  degree,  compared  to  appetitive  napf  or,-. 

■^These  data  exclude  1  non-napper  who  did  not  sleep  at  all  during  tlu'  night  alt  : 
the  laboratory  nap.  It  is  not  clear  whether  this  was  related  to  the  naj  ,  exclu.-ivt-  ly 
due  to  the  following  day's  e.xaminations.  This  subject's  data  for  tiu'  rcmruniru  ond  ts 
W'lS  quite  typical  of  the  rest  of  the  group. 


--  - 


these  differences  ain.!  small  and  insignificant,  they  are  consistent  wjtn 
data  reported  oeiow  comparing  nap  and  no-nap  days  over  tlie  slot  p  diary 
period . 

Table  1  0  summarizes  some  of  the  within-group  differences  that 
were  found  between  pte-  and  post-laboratory  naps  concerning  the  quality 
of  sleep  and  associated  daytime  activities.  Appetitive  nappers  typical¬ 
ly  reported  obtaining  considcraole  subjective  benefits  from  the  nap, 
indicatinn  that  they  slept  even  better  than  usual  (p  <  .01),  were  less 
tired  (n  <  .05),  had  less  difficulty  concentrating  (p  <  .05),  and  were 
Us;  (p  <  .001)  sleepy  "now"  than  usual  (only  about  half  of  these  13  days 
involved  napping).  Replacement  nappers  also  reported  sleeping  even 
better  than  usual  (p  <  .02)  and  having  little  difficulty  concentrating  becau 
of  fatigue  (£  <  ,01).  Thus,  the  nap  had  positive  effects  for  both  groups. 
In  ;.itrikinq  contrast,  non-nappers  slept  significantly  less  well  than  usual 
(p  .05),  more  frequently  took  medication  "during  the  preceding  12 
hciiio  '  (p  <  .01 --while  these  v/ere  not  usually  sleeping  medications, 
them'  uas  a  significant  incidence  of  aspirin-type  preparations),  tended  to 
av<ii  I  th 'ir  u.  u  ii  levels  of  physical  activity  (p  <  .002)  and  reported  that, 
more  than  usual,  they  were  too  fatigued  to  concentrate  (p  <  .10).  Thus, 
the  deleterious  effects  of  the  laboratory  nap  on  sleep  onset  and  length  of 
!ii  the  niql-t  after  the  nap  may  have  been  associated  with  some 
physical  and  mental  impairment.  This  is,  of  course,  why  these  non- 


nafipcrs  pr.  fer  not  to  nap  in  general. 


f' (. . 


TABLE  lU 

Tho  Effoctrf  of  Napping  in  the  Laboratory  on  the  Subsequent 
Night's  Sleep  Activity  for  Non-Nappers  (N  =  12)  and 
Appetitive  (N  1  0)  and  Replacement  (N  =  8)  Nappers 


Sleep-Diar\’  Variable 

Night 

Pre-Lab 

Nap 

Night 

Post-Lab 

Nap 

1 3-Day 
Mean 

Differences  and  j 

(Uvo -tailed) 

Appetitive  Nappers 

1 

Sleep  well  last  night 

1,00 

1.00 

.91 

(Pre,  Post)'  base:  ■ 

£<  .  0  1  ,  <  .  0  i  1 

Fighting  off  sleep  yesterday 

.70 

.30 

.32 

Fre>  (Post,  Base)  | 

£<  .  05  ,  <  .  05  1 

Too  tired  to  concentrate 
yesterday 

.40 

.10 

.26 

! 

‘ 

Pre>Post;  £  <  .  05  [ 

Take  any  naps  yesterday 

.  60 

.80 

.54 

Post>Base;  £<,10  i 

Could  you  sleep  now 

1.00 

.60 

.72 

Pre>  (Post, Base):  ! 

£  <  ,05,  £<.001 

Replacement  Nappers 

1 

ble  ep  wi;l  1  last  night 

.88 

1.00 

.91 

Post-'-Base;  £<  .  02  1 

'd'Kisuai  piv/sicdl  activity 

,00 

.13 

.26 

BaseePre;  £<.01 

Pocj  tin  e  to  concentrate 

1  ysierday 

.50 

.00 

.24 

(Base,  Pre)>Post;  ! 

£<.05,  £<.01 

1  P'.;  uJd  you  sleei.i  now 

i 

j 

1 , 00 

.63 

•  69 

Ere  (Post,  Base):  i 

P  <  .  1  0  ,  £<  .  0 1  1 

1  N  on- N  apper  ^ 

Sle  'p  well  last  night 

.92 

.  64 

.85 

Fre  ’Post:  £<  ,  C S  i 

i lours  sIcl'P  last  niciht 

7,01 

6.14 

7.20 

i 

Base'eRost:  £<..'(‘ 

Medication  last  12  hours 

.  00 

.17 

.08 

(Rost,  Base)ePi.  : 

£<  .  2  0  ,  £<  .  01  j 

Unusual  physical  activity 
sLerday 

.33 

.00 

.  14 

(Pre ,  Base) ''Rost:  1 

£<  .  ('5  ,  £<  .  t'O? 

1 

Toe  tired  to  concentrate 
yesterday 

.33 

.42 

.19 

Rost>Bd.se: 

£<.20  1 

Table  11  summarizes  in  more  detail  responses  to  the  four  ques¬ 
tions  which  turned  out  to  be  the  most  significant  in  discriminating 
n.monq  the  groups  in  tenns  of  the  effects  of  the  laboratory  nap.  Non- 
nappers  reported  sleeping  significantly  less  well  as  a  consequence  of 
napping  in  the  laboratory  than  they  had  either  on  the  preceding  night  or 
over  the  13-day  diary  baseline  (t_*  2.02;  £<  .05).  There  are  no  signif¬ 
icant  differences  between  pre-  and  post-nap  responses  for  either  of  the 
napping  groups.  In  fact,  all  of  the  nappers  reported  sleeping  very  well 
on  the  night  after  the  nap,  and  this  is  typical  of  their  sleep  reports 
regardless  of  whether  they  napped  or  not  during  the  preceding  day. 

The  non-nappers  sleep  more  poorly  after  the  laboratory  nap  than 
they  do  on  ordinary  days  when  they  do  not  nap,  and  they  also  sleep 
significantly  more  poorly  after  the  nap  than  either  the  appetitive  or  re¬ 
placement  nappers  (t_  =•  2 .71;  £  <  .02  for  both  appetitive  and  replace- 
ipent  nappers).  Non-nappers  also  had  more  difficulty  falling  asleep  the 
night  after  the  nap  than  they  either  had  on  the  night  before  the  nap 
(t  =»  1.80;  <  .10),  or  during  the  13-day  diaries.  Non-nappers  also 

tended  to  awaken  during  the  night  more  frequently  than  nappers  follow¬ 
ing  the  laboratory  nap  2.26;  £,<  .05). 

Although  non-nappers  generally  took  longer  to  fall  asleep  over 
the  13  days  than  nappers  *  1.79;  <  .10),  tliis  difficulty  is  accentu¬ 

ated  following  the  laboratory  nap,  particularly  in  comparison  to  the  appe 
tltive  nappers  (t_  »  1.94;  £<  .10).  Thus,  the  non-nappers  have  conside 
ably  more  difficulty  in  falling  asleep,  and  as  a  group  arc  much  more 


o  o  . 


TABLE  1 1 

riU'  Effects  UL  Laboratory  Napping  on  the  Subsequent 
Night's  Sleep  Compared  to  Typical  Nights 


'>id  you  sleep  jeLl  last  niyht 

'*  eyes,  scored  1;  No 

scored  0) 

Group 

Nor-Nappers 

Appetitive 

Replacement 

Pi  e  -  Nap' 

.  92 

1 . 00 

.88 

Post-Nap 

.C4 

1.00 

1.00 

13 -Day  Base 

.85 

.91 

.91 

Iona  did  it  take  you  to  fall  asleep  last 

night?  (Answer  =  minutes) 

Group 

Non-Nappers 

Appetitive 

Replacement 

Pre-Nap 

25.6 

13.20 

28.10 

i’osC-Nap 

39.8 

13.00 

25.0 

13-Dav  Base 

26.7 

16.9 

19.1 

p/y:  rr,atvj  douis  'lid  you  e  locv 

last  night?  (Hours: 

minutes) 

Grou  p 

Non-Nappers 

Appetitive 

Replacement 

1  i -  Nap) 

7:01 

6:42 

7-04 

Post -Nap 

6:08 

6:52 

7:05 

L3-Day  Base 

7:12 

7:04 

7:21 

U  onv  t.irne  yeaterday ,  I'eiK  you  ever  so  tir-ed  that  you  had  difficulty 


Group 

Nen-Nappers 

Appetitive 

Replacement 

Pre-Nap 

.33 

.40 

.50 

Post-Nap 

,42 

.  10 

.00 

1 3-Uav  Base 

.19 

.26 

.24 

variabJc  in  thoir  ability  to  fall  asleep  at  night  compared  to  nappers 
(T  =«  o  .  3  1 ;  £<  .05) --they  become  even  more  variable  on  the  night  after 
Lihir  nap  compared  to  other  nights  ^  «  6.83;  ]j  <  .01).  It  is  also  inter- 
'  Sting  to  note  that  the  replacement  nappers  took  longer  to  fall  asleep 
\joth  before  and  after  the  nap  compared  to  their  13-day  average.  While 
this  ti^ndency  is  not  significant,  their  time  to  fall  asleep  is  more  vari¬ 
able  Lor  both  of  these  nights  compared  to  their  typical  performance 
(£=3.53;  p_<  .05  pre-nap;  £=  14.44;  £<  .  001  post-nap) .  This  in¬ 
creased  difficulty  in  falling  asleep  the  night  before  the  laboratory  nap, 
Logetiier  with  the  poorer  than  usual  night's  sleep  may  well  have  been  a 
preparatory  response  in  view  of  the  demand  that  was  made  on  them  to 
sleep  when  they  came  to  the  lab. 

Not  only  did  the  non -nappers  tend  to  sleep  poorly  and  take  longer 
to  fall  asleep  as  a  consequence  of  the  nap,  but  they  also  slept  for  a 
shorter  time  on  the  night  after  the  nap  compared  to  the  night  before  the 
nap,  or  tiieir  typjcdl  13-day  mean  (£  =  1.42;  £<  .20).  While  the  reduction 
in  sleofi  time  is  53  minutes,  it  is  only  of  borderline  significance.  How- 
eviT,  again  as  a  group  they  became  significantly  more  variable  following 
the  nap  (F  =  5.  On;  £  <  .01),  and  much  more  variable  than  all  other  nappers 
(£  .001  in  cacl;  instance).  In  marked  contrast,  the  length  of  sleep  of 

both  tfm'  a}jpetitiv<’  and  replacement  nappers  did  not  differ  either  before  or 
after  tlu  laboratory  night  compared  to  their  13-day  average. 

Not  only  did  the  laboratory  nap  have  serious  consequences  for 
the  non-napper  on  the’  following  night,  but  the  laboratory  nap  seemed 


to  ha'u  positive  consequences  for  nappers.  For  example,  in  response 


to  the  question,  "At  any  time  yesterday  were  you  ever  so  tired  tnat  you 
had  difficulty'  in  concentratinq  on  a  task  which  you  were  trying  to  ac¬ 
complish';' ”,  L'oth  the  appetitive  and  replacement  nappers  had  signifi¬ 
cantly  less  concentration  difficulty  on  the  day  following  the  nap  com¬ 
pared  to  the  day  preceding  it  (t_»  2.08;  £<  ,10  and  2.83;  £<  ,02, 
respectively).  In  contrast,  there  was  a  tendency  for  the  non-napper  to 
have  more  difficulty  concentrating  on  the  laboratory  nap  day  than  on  all 
other  ocr-asions  (t_=  1.81;  ]j  <  .10). 

Other  isolated  differences  between  the  groups  were  consistent 
with  these  findings.  For  example,  the  nappers  came  to  the  laboratory 
prepared  to  nap.  In  response  to  the  question  "Could  you  fall  asleep 
now.'’  ' ,  all  of  the  nappers  responded  "Yes,"  compared  to  only  half  of  the 
non-nappors  (^  =  3.39;  £  <  .002).  Thus,  it  seems  the  nappers  have  a 
great  deal  more  confidence  in  their  ability  to  take  a  nap  on  com.mand 
dian  tno  non  ■  r, uppers . 

In  general,  it  can  bo  concluded  that  napping  has  a  deleterious 
ffe-cl  oil  at  least  some  of  the  habitual  non-nappers,  interfering  with  their 
.*!  ilit/  to  lull  asU'i  j>,  the  length  r:>f  time  they  sleep,  and  the  feeling  of 
Having  slepd  well  on  the  following  night.  On  the  other  hand,  nappers 
;  eernod  to  achieve  some  benefit  from  napping  in  terms  of  their  own  esti- 
n.ated  ability  to  function  appropriately  in  relationship  to  the  nap. 

The  difference'  between  appetitive  and  replacement  nappers  were 
relatively  minor  in  terms  of  the  consequences  of  the  laboratory  nap 


L: 


coinpdred  to  other  occasions.  However,  it  would  be  difficult  for  such 
diffeiences  to  show  up  in  this  kind  of  analysis.  Nappers  tended  to  nap  oi 
one  day  out  of  every  two  while  they  completed  the  diaries.  The  conse¬ 
quences  of  napping  during  the  laboratory  time  would  presumably  be  no 
different  from  their  napping  on  other  occasions;  therefore,  it  would  be 
predicted  that  the  13-day  average  response  would  be  like  the  typical 

response  to  any  one  day  on  which  a  napper  napped,  and  just  as  typical 

1 3 

of  the  days  in  which  lie  did  not  naji. 

'3 rajii eters  o f  Nappinq--lb- Day  Sleep  Diary 

The  basic  parametric  information  about  frequency  and  length  of 
napping,  as  well  as  information  concerning  the  total  amount  of  sleep  per 
nap,  per  night,  and  per  24  hours  are  presented  in  Table  12  for  each  of  the 
subgroups.  These  data  have  been  adjusted  to  eliminate  the  effects  of  the 
'■  aboratory  nap;  thus,  the  total  sleep  time  data  is  presented  for  13  days  to 
diiiiiriutc'  llie  eflccts  of  rhe  night  before  and  after  the  laborati'ry  nap,  as 
well  as  the  laboratory  nap  itself. 

Nap  Frequency.  The  appetitive  nappers  answered  the  question  '  D: 
you  take  a  nap  yesterday?"  significantly  more  often  than  the  replacement 
napi'>ers.  Appetitive  napFums  took  naps  on  an  average  of  52  percent  of  the 
13  days  compared  to  replacement  nappers  who  napped  on  40  percent  of  the 
lays  =  1.50;  <  .20).  The  two  napping  groups  differed  in  thi'  fre¬ 

quency  of  naps  from  non -nappers  who  napped  only  on  5  percent  of  the 
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I  ciraniotric  Data  (13-Day 
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^ Night  Sleep  (Urs: M Ins  . ) 
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N ight  Slc'op 
N'ap  Slr.f'p 
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•^*1  •'  .0  1 

oxc:lu(l('n  uon-uappoi  group. 


95:36 

:40 

96:16 


7:4  9  ! 

7:20 

i 

7:54  I 
:57 

'  ^  ~i 

I 

95:2  4  I 
7:30  j 
102:54 


98:02 

5:55 

103:57 


ly:  (i'  <  .ii'.'fiOl)  111  iviC!)  case.  During  tiie  13  Jays  appetitive  riaup'jn- 
t  >  i;  a  .  ;v.' ill  jt  L, .  /  naps  anJ  replacer.ient  nappei's  a  i  icun  ui  5.  1  r.ups. 

'le  v  an.  ..ji  m  nai  imrs  tailed  to  nap  ut  It  ast  twic-.  during  '.’■'.s  13 
lays  (.  tp.uv^tit  nt  Pi  the  I’.'.iniii.uni  regiiirenier.ts  tor  a  consiutent  napper). 

e  Ln.  r.  Util  i-od  ■  ve  ry  day,  but  7  of  the  11  appetitive  nappers,  and 
n!'.'  !  i  e  !3  r  pPieei:.  :nt  napperu  napped  eu  n.or.  times  (e  < 
e,;in  nn  ee,  i  non -naput  rn ,  a  total  of  7  nape  occurred  over  the  13  days. 
.P.e  oUi'Ccct  nappe. 1  tiiree  titiies,  although  this  wa;  inconsistent  ■.vitr,  th.' 
ciilt  ria  f’lr  non-na’ppers  over  long«'r  time  periods,  4  other  subjects  to„h. 
on.  i.tiii  eacii  during  the  twc'  weeks. 

Nap  Time  and  Length.  During  the  13  days  the  two  napper  groups 
began  their  nap  at  al'out  tiic  same  time.  Appetitive  nappers  typically 
napped  it  -t;0l)  p.m.;  rcplacemt'nt  nappers  at  3:'>/  p.in.  The  standard 
d<  vidtion  ot  tile  time  the  nap.>  commenced  was  almost  exactly  one  i'.our 
■or  lu.  jp'px  L'.uvl  and  replacement  subgroups.  W.  it  o/ei  i.altot  the  83 
naps  taken  i-y  tin;  I  I  appetitive  and  the  55  naps  takii  ii  i.>-  ti.L  b  lepiace- 
meiil  nap'per  occurred  oetween  3  p.m.  and  5  p'.m.  (53.  p.aci-nt  .inn  5i 
p  'rccnt,  1  :;p.o-tiv,  ly)  .  Onlv  3  of  the  138  naps  recorded  ny  1  v  th  yrunpr 
ot  nappers  o..'curred  after  b  p.m.  The  distributions  ot  naps  Lu'  morning 
(ti  a. ill.  to  3  p.m.),  early  afternoon  (2  p.m.  t<)  5  pom.)  and  early  .  '•en- 
ing  (.5  )).m.  to  b  p.m.)  did  not  differ  between  the  groups.  For  appetitive 
and  r. 'placement  nappers,  the  length  of  the  nap  tended  to  get  shorter  as 
the  n.iv  pr< igres.sed .  Maps  before  2  p.m.  lasted  on  the  averagi  lb’  and  bu 
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riiinutps;  from  2  p,m.  to  5  p.m.,  56  and  75  minutes;  and  only  50  and 
32  iniiiutes  respectively  between  5  p.m.  and  8  p.m. 

Napping  and  Total  Diary  Sleep  Time.  In  the  napping  question¬ 
naire,  it  was  reported  that  the  tiireo  gioups  did  not  differ  markedly  in 
the  an’ount  of  sleep  they  rt-gularly  obtained  at  r.ight.  On  the  sleep 
d'ary  subjects  were  asked  to  indicate  tne  time  they  went  to  sleep  and 
trip  time:  tney  woke  up.  as  well  as  the  length  of  sleep  each  night  during 
t'.c  2-we‘^k  period.  It  is  clear  from  Table  12  that  the  mean  actual  report- 
■  'i  a",  junt  of  sleep  and  the  more  general  estimate  of  sleep  length  in  the 
questionnaire  agree  surprisingly  closely,  varying  by  7  minutes  or  less 
for  replacement  nappers  and  non-nappers.  However,  the  appetitive 
nappers  obtained  29  minutes  less  sleep  each  night  than  they  actually 
reported  regularly  receiving,  but  this  difference  was  not  significant 
(L  =  1  -  ^^2) . 

This  basic  information  does  not  really  tell  us  whether  the  total 
amount  of  sleep  these  subjects  obtained  in  any  one  day  is  different 
because  it  ignores  the  time  they  spent  napping.  When  mean  daily  nap 
length  is  added  to  mean  nightly  sleep  length,  a  slightly  different  picture 
CTTierges.  While  non-nappers  obtain  about  7  hours  and  25  minutes  of 
sleep  per  night,  the  appetitive  and  replacement  nappers  obtain  alxiut  8 
hours  (£^=2.02;  df  =*  2  ,  29;  £<  .10).  The  appetitive  napper  is  much 
i!iorc  'ariable  than  any  of  the  other  subjects  in  his  total  sleep  time 
(r  =  3.81;  p_<  .05). 


I'lu'r.e  same  data  are  presented  in  a  different  way  in  the  bottom 


part  TaLilo  12,  wnere  the  total  number  of  hours  of  sleep  actually  ob- 
ta.iu-d  during  tin.  13-day  period,  with  and  without  naps,  is  tabulated. 

In  fact,  of  the  total  sleep  obtained  over  13  days,  the  appetitive 
nappers  of  tain  7.3  percent  of  this  by  napping  compared  to  5.7  percent 
for  the  replacement  nappors  ,  while  the  non-nappers  get  less  than  .C 
P'orcent  of  their  sleep  through  napping. 

To  our  knowledge,  this  is  the  first  study  that  has  looked  at  the 
extent  of  napping  in  terms  of  one's  total  sleep  time  per  day  or  over  a 
period  of  time.  While  the  proportion  of  time  spent  napping  even  for  these 
tn-quent  nappers  is  low  relative  to  the  amount  of  sleep  obtained  at  night, 
it  is  particularly  striking  that  it  remains  a  sleep  segment  that  is  important 
.lut:  of  proportion  to  the  time  spent,  both  in  terms  of  subjective  satisfac¬ 
tion  and,  as  we  have  nnown  elsewhere,  in  terms  of  its  recuperative 
/aluc . 


The  Conditions  for  and  Cc  nsequences  of  Napping 

On  '  if  the  pnniary  reasons  for  conducting  the  sleep  diary  survey 
v/as  to  investigate  the  t  ffc'cts  of  napping  on  sleep  satisfaction  and  sleep 
parameters.  One  tactic  would,  of  course,  involve  having  subjects  sleep 
vernight  in  a  sleep  laboratory  on  days  on  which  he  did  or  did  not  nap. 

This  is  an  appropriate  but  expensive  procedure,  and  would  not  necessarily 
answer  many  of  the  questions  involving  sleep  satisfaction  variables  which 
we  feel  are  central  to  an  understanding  of  napping  behavior  and  sleep 


efficiency.  Consequently,  the  home  sleep  diary  was  selected  as  an 


cnportant  source  of  preliminary  information. 

Two  questions  have  concerned  us  so  far.  first,  what  are  the 
conditions  that  occur  during  a  24-hour  period,  particularly  in  terms  of 
nighttime  sleep  parameters,  that  are  associated  with  a  decision  to  nap 
or  not  to  nap?  Second,  what  are  the  consequences  of  napping,  com¬ 
pared  to  not  napping,  on  the  subsequent  24 -hour  activity,  particularly  the 
night's  sleep  after  a  nap,  and  also  in  terms  of  the  reasons  for  napping? 
■'.Vhilc  wc  would  predict  that  the  parameters  of  sleep  on  the  nights  pre¬ 
ceding  and  subsequent  to  the  nap  have  little  effect  on  the  occurrence  of 
napping  in  the  appetitive  group,  we  would  predict  that  the  duration  and 
quality  of  a  night's  sleep  is  crucial  to  the  likelihood  of  napping  for  the 
'•cplacement  napper. 

These  analyses  are  complex,  and  are  incomplete.  Three 
strategies  of  approach  to  the  question  have  been  initiated,  and  can  be 
1 1  lustrati'd . 


Frequency  of  Napping.  Multiple  contingency  x  analyses  have 
been  conducted  on  the  frequency  of  napping  and  non-napping  in  relation¬ 
ship  to  the  different  subgroups  and  some  parameters  of  sleep  on  preced¬ 
ing  and  subsequent  night  sleep.  This  is  illustrated  in  Table  13.  This 
table  analyzes  the  frequency  of  napping  as  a  conjoint  function  of  three 
variabl(.\s;  (a)  appetitive  versus  replacement  napper  types,  (b)  whether 


or  not  a  nap  was  actually  taken  on  a  particular  target  day,  and 


TABLE  13 


Relationship  Between  Lengtii  of  Sleep  on  the  Preceding  Night  and  the  Likelihood  of 
Napping  on  Subsequent  Day  in  Appetitive  and  Replacement  Nappers  (N  *  13  Night- 
Nap  Day  Combinations,  Summed  Over  Subjects  for  the  Four  Contingency  Possibiliti' 
Night  Sleep  Oieaotumized  at  Subject's  Own  Mean  over  13  Diary  Days). 


i  1  VC  Naj-iporr.; 
L'ook  no,  n 
No  Nap  Uaken 


9  Replac c at  .Nat 
Took  Nap 
No  Nap  Taken 


Last  night's  sleep  time 
compared  to  13-day  average 

Shorter 

Longer 

35 

40 

31 

28 

29 

17 

28 

41 

bouice 


12.11 


App-Rcp  VS  Short-Long 
App-Rcp  vs  Nap-No  Nap 
Short -Long  vs  Nap-No  Nap 


Interaction  (3 -way) 


5.52 


(c)  whether  or  not  the  previous  night's  length  of  sleep  was  shorto-r  than 

or  Longer  than  each  subject's  own  13-de/  average.  The  data  tabulate u 

is  the  frequency  Ljf  napping,  or  not  napping,  as  a  function  of  the  tWw 

groups,  atni  either  long  or  short  previous  night's  sl^ep. 

2 

•M  ’iiultiple  contingency  \  was  calculated  on  this  data  and  is 

2 

.'■.unin  ariiic.'d  in  the  tabic.  The  total  x  of  12.11  is  significant  (]j  <  .01). 

1?  iwever,  Llic  data  can  be  meaningfully  interpreted  only  in  terms  cf  the 

interactions  within  the  partial led-out  main  effects  summarized  in  the 

table  .  Tlts'ro  is  no  difference  in  the  frequency  of  short  and  long  slcop 

length  on  the  iiroviuus  night  between  appetitive  and  replacement  nappers 

(}  rimarily  because  of  the  way  the  data  was  dichotomized).  There  is  alsc; 

no  overall  difference  between  the  occurrence  of  napping  or  non-nappiny  a 

a  function  of  a  short  or  long  sleep  on  tne  previous  night,  but  this  rc.aiit 

2 

obscures  the  important  significant  interaction  (x  =  5.52:  .Ul)  w.-nc; 

suggests  that  the  effect  of  previous  sleep  length  on  the  sai-.si  •  t 

occurrence  ^f  napping  differs  for  the  kind  of  napper.  liven  tm  ug:'.  tfs 

appetitive  napper  takes  more  naps  in  13  days  than  the  replace::, ■  : o;!-. 

2 

(\  ’  =  5.69;  £  <  .01),  whether  or  not  ho  naps  bears  no  relationsiui  t  :: 

2 

length  of  his  sleep  the  previous  night  (x  =0.25;  £<  .eO).  :t-w>  o  r  r 
th('  replacement  napper  there  is  a  strong  tendency  for  him  not  to  nap  il 
he  i'.ad  a  longer  tlian  average  night's  sleep  the  previous  night  (x"  =4.  / 
jj  <  .02  5).  In  fact,  if  he  had  a  long  night's  sleep  the  previous  night,  tu 
is  only  about  one-third  as  likely  to  nap  the  following  day  than  if  he  had 
.1  short  niglit's  sleep.  Similarly,  there  is  a  tendency  for  him  to  be  more 


likely  to  take  a  nap  if  he  had  a  short  night's  sleep  the  previous  night. 

While  this  particular  finding  is  important  in  its  own  right,  and 
xs  consistent  with  our  definition  of  appetitive  and  replacement  napping, 
this  also  illustrates  a  powerful  methodology  for  analyzing  the  relation¬ 
ship  between  the  likelihood  of  napping  and  various  objective  and  sub¬ 
jective  parameters  of  the  previous  night's  sleep  and  following  night's 
sleep  in  relationship  to  the  nap,  and  the  differences  that  occur  between 
the  groups  being  studied.  There  are  limitations  to  this  approach,  how¬ 
ever;  napping  frequency  is  summed  over  all  days  for  all  subjects,  and 
it  is  possible  that  for  some  comparisons  one  subject  with  an  extremely 
high  incidence  of  napping  or  aberrant  sleep  patterns  could  unduly  in¬ 
fluence  the  results. 

Napping  and  the  Preceding  and  Subsequent  Night's  Sleep.  The 
2 -week  sleep  diaries  were  divided  for  each  subject  into  days  on  which 
a  nap  was  taken  and  days  on  which  no  nap  was  taken.  Several  diarv' 
variables  concerning  quality  and  parameters  of  sleep  were  analyzed  in 
terms  of  those  days  on  which  naps  were  and  were  not  taken.  Nap  day  and 
no-nap  day  values  were  averaged  across  each  subject,  and  the  resulting 
means  for  each  subject  were  then  averaged  over  all  subjects  in  both  nap¬ 
ping  groups.  This  method  of  analysis  averages  across  subjects  within 
the  groups,  and  therefore  cannot  be  unduly  influenced  by  typical  subjects 
or  more  frequent  nappers.  So  far,  this  approach  has  clarified  our  dis¬ 
tinction  between  the  different  types  of  nappers. 


w 
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Appetitive  nappers  took  longer  to  fall  asleep  the  night  following 
the  daytime  nap  (j^  =  1.77;  £<  .10).  They  slept  41  minutes  less  on 
nights  they  took  a  nap  compared  to  nights  when  they  did  not  nap  (£  <  .20). 
However,  they  slept  more  soundly  following  a  nap  and  awakened  during 
the  niglit  significantly  less  often  (^*2.18;  £<  .05).  In  contrast, 
there  wiere  no  differences  between  the  night  before  they  took  the  nap  and 
the  corresponding  nights  preceding  non-nap  days  on  any  of  these  va.i- 
ables.  Thus,  as  predicted,  a  particular  night' s  sleep  activity  for  appetitive 
nappers  is  not  related  to  whether  or  not  the  subject  naps  the  next  day. 

A  different  picture  emerges  for  the  replacement  napper.  While 
the  appetitive  napper  takes  an  extra  6  1/2  minutes  to  fall  asleep  after 
a  nap,  the  replacement  napper  instead  goes  to  bed  an  hour  later 
(t_  =«  1 .54;  £<  .20)  but  does  not  subjectively  report  having  any  specific 
difficulty  in  falling  asleep  after  a  nap.  On  the  day  when  he  takes  a  nap, 
the  replacement  napper  gets  up  in  the  m.oming  about  46  minutes  earlier 
than  ein  days  wlion  he  does  not  nap.  He  also  slept  47  minutes  less  on 
the  night  bc’forc  he  naps  than  on  nights  when  he  docs  not  take  a  nap 
(t_  =  2.10;  <  .05).  In  addition,  he  sleeps  less  well  during  the  :  n-jCt 

if  he  has  not  taken  a  nap  the  previous  day  {^=2.23;  p  <  .05).  Thus,  the 
.sleep  diary  confirms  our  original  hypothesis  that  the  replacement  napper, 
unlike  the  appetitive  napper,  naps  in  order  to  make  up  for  lost  sleep 
time.  It  appears  that  he  may  well  lose  this  sleep  in  the  morning  rather 
than  by  going  to  bed  late  the  previous  night.  However,  this  in  turn  may 


'oe  partly  a  reaction  to  his  having  slept  less  well. 


Thus,  these  results  indicate  that  appetitive  napping  is  unrelated 
to  the  sleep  characteristics  of  the  surrounding  night,  replacement  nap¬ 
ping  occurs  in  response  to  an  abbreviated  previous  night's  sleep,  though 
the  shorter  sleep  length  may  be  a  function  of  earlier  morning  arousal. 

Nap  Characteristics  and  Sleep  Onset  and  Duration 

A  third  approach  to  the  examination  of  the  determinants  and  con¬ 
sequences  of  napping  is  to  examine  the  surrounding  24-hours'  activities, 
particularly  pre-  and  post-nap  sleep  parameters,  as  a  direct  function  of 
nap  characteristics,  either  in  terms  of  satisfaction  or  parametric  features. 
As  an  example  of  this  approach  we  examined  sleep  onset  and  sleep 
length,  both  for  the  night  before  and  the  night  after  the  nap,  as  a  func¬ 
tion  of  the  length  of  the  nap  itself.  Is  a  short  nap  different  in  function 
to  a  long  nap?  One  possibility  is  that  a  short  nap  may  have  more  of  the 
characteristics  of  a  nap  which  is  either  involuntary  and  accidental,  or 
at  U'ast  of  a  feeling  that  sleep  is  so  imminent  and  overwhelming  that  it 
cannot  be  avoided  or  delayed. 

This  question  was  investigated  by  dichotomizing  nap  length  at 
the  subject's  own  mean  nap  length,  and  examining  sleep  onset  and 
duration  of  both  preceding  and  subsequent  night's  sleep.  The  results 
are  reported  in  Tabic  14.  Parenthetically,  it  was  noted  that  the  mean 
time  during  the  day  that  replacement  subjects  took  either  a  short  or  a 
long  nap  did  not  vary  more  than  2  minutes,  but  appetitive  nappers  com- 


n'lnced  their  short  naps  37  minutes  earlier  in  the  day  than  their  longer  naps. 


A:,  chc  long  naps  started  on  the  average  about  10  minutes  earlier  than 


all  of  the  naps  of  the  replacement  napper,  it  is  possible  that  the 
appetitive  subject  has  two  qualitatively  different  kinds  of  nap:  a  short 
one  which  is  primarily  for  pleasure  or  psychodynamic  reasons  and  a 
longer  one  that  is  combined  with  sleep  replacement  functions  .  The 
appetitive  napper  was  picked  primarily  for  his  psychological  need  of 
napping,  but  this  did  not  preclude  some  occasional  replacement  napping, 
(although  there  were  not  any  strong  appetitive  overtones  allowed  in  the 
replacement  napper  criterion). 

While  this  hypothesis  has  merit,  if  anything  the  data  for  appe¬ 
titive  nappers  suggests  the  short  nap  has  more  of  the  qualities  of  the 
replacement  nap.  On  the  day  preceding  the  nap,  replacement  nappers 
who  had  taken  a  long  nap  had  significantly  less  sleep  the  night  before 
(compared  to  their  short  naps,  .01).  However,  for  the  appetitive 
nuppt  r  it  is  the  short  nap  that  is  preceded  by  a  shorter  than  usual  sleep 
the:  fircvious  night  (£  <  .05).  Although  the  appetitive  napper  is  not 
differentially  affected  by  a  long  or  short  nap  on  the  following  night  (even 
thougii,  as  we  indicated  above,  he  does  sleep  a  little  less  after  he  naps) 
the  replacement  napper  reduces  his  post-nap  sleep  time  by  virtue  of  hav¬ 
ing  taken  a  long  rather  than  a  short  nap  (£  <  .05).  Interestingly,  the 
appi'titive  napper  gets  more  sleep  both  before  and  after  a  long  nap  than  he 
does  before  or  after  a  short  nap,  again  indicating  that  sleeping  habits  are 
largely  independent  of  his  napping;  perhaps  his  longer  naps  arc  more 
dependent  on  such  variables  as  whether  he  can  spare  the  time. 
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5.  COLLABORATIVE  STUDY;  RECOVERY  FROM  FATIGUE  DURING 
PROLONGED  CONTINUOUS  PERFORMANCE 


Our  central  interest  has  been  the  recuperative  effects  of  sleep 
on  human  performance  and  the  restorative  value  of  short  sleep  periods 
as  a  means  of  recovering  from  fatigue.  Our  previous  studies  have  been 
concerned  with  the  development  of  appropriate  tasks  to  mieasure  recovery 
functions  after  relatively  short  periods  of  sleep  loss.  While  these  prior 
results  have  been  encouraging,  they  have  been  limited  because  of  the 
relatively  short  time  in  which  subjects  have  been  studied  in  the  special 
context  of  the  experimental  laboratory.  Our  conclusions  about  these 
measures  must,  of  necessity,  be  limited  because  it  is  clear  that  such 
factors  as  circadian  rhythms  and  motivation  are  potent  factors  that  modify 
human  performance.  Such  factors  could  easily  serve  to  obscure  important 
eifects  during  short-term  performance  following  moderate  levels  of  sleep 
depriv'ation . 

We  were,  therefore,  particularly  fortunate  to  be  able  to  include 
out  previously  developed  tasks  in  an  ongoing  study  on  performance  during 
continuously  monitored  long-term  work-rest  activity  periods  at  the 
Performance  Research  Laboratory  founded  by  Dr.  Earl  Alluisi  and  cur¬ 
rently  directed  by  Dr.  Morgan  and  Dr.  Baker.  Before  descnbing  this 
collaborative  study,  the  results  of  which  are  still  being  analyzed,  some 


appropriate  background  is  necessary. 


Performance  Consequences  of  Fatigue 

A  number  of  previous  studies  have  documented  the  deletenous 
effects  of  sleep  deprivation  on  performance  (e,g.,  Naitoh,  19by).  Tin.: 
focus  of  such  studies  has  been  on  the  progressive  deterioration  of 
functioning  as  the  individual  is  required  to  remain  awake  for  longer  and 
longer  periods  -  We  have  sought  to  approach  the  question  of  how  short 
periods  of  sleep  may  reduce  fatigue  by  investigating  the  recovery  fum  iion 
in  relation  to  performance.  Such  an  approach  obviates  the  need  for  con¬ 
tinuous  monitoring  during  sleep  deprivation,  permitting  us  to  place  more 
emphasiS  on  the  physiological  nature  of  the  sleep  period  in  relation  to 
its  possible  beneficial  effects  on  performance.  Our  strategy  so  far  has 
been  to  bring  subjects  to  the  laboratory  while  fatigued,  to  see  how  their 
performance  benefits  from  short  periods  of  sleep. 

Much  of  our  concern  has  focused  on  the  development  of  appropriate 
performance  measures.  Most  investigators  have  concluded  that  individuals 
who  have  been  sleep-deprived  even  for  considerable  periods  are  able  to 
marshal  their  resources  sufficiently  to  perform  for  short  periods  of  time  at 
a  level  vdose  to  their  normal  undeprived  performance.  The  most  successful 
attempts  to  document  the  efiects  of  sleep  deprivation  have  involved  either 
VI TV  long  periods  with  no  sleep  (Williams,  Lubin,&  Goodnow,  1959),  or 
If  ngthv  perfomiance  tasks  such  as  those  typically  encountered  in  a  work 
situation  (Alluisi,  1909),  or  by  the  use  of  a  continuous  vigilance  situation 


(Wilkinson,  1968).  Despite  the  fact  that  even  moderate  sleep  deprivation 
has  ^-lear  and  unambiguous  subjective  consequences  for  the  individual. 
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decrements  induced  by  moderate  deprivation  on  short-term  performance 
have  been  difficult  to  document. 

An  encouraging  exception  was  the  study  by  Williams,  Lubin, 
and  Goodnow  (1959),  who  were  able  to  demonstrate  that  subjects  de¬ 
prived  of  sleep  fur  only  26  hours  show  a  performance  decrement  when 
faced  witt;  a  task  requiring  the  short-term  maintenance  of  attention  and 
motivation.  This  held  if  the  task  was  sufficiently  demanding  in  terms  of 
cognitive  ability.  Performance  on  such  a  task  does  not  break  down  com¬ 
plete!/  but  tends  to  become  sporadic,  with  the  most  powerful  dependent 
variable  being  the  omission  of  items.  In  view  of  such  studies  we  felt  it 
might  be  possible  to  document  performance  effects  in  the  laboratory  which 
parallel  the  subjective  effect  of  sleep  deprivation  even  when  the  amount 
of  sleep  loss  is  relatively  small.  The  appropriate  task  would  require; 

(a)  a  strong  cognitive  load  (Williams  et  al.,  1959);  (b)  experimenter 
pacing  (Naitoh,  1969);  (c)  little  feedback  to  the  subject  concerning  the 
adequacy  of  his  own  performance,  thereby  making  it  difficult  for  him  to 
accurately  allocate  his  resources  when  fatigued.  Two  such  tasks  have 
Ij'-en  developed  which  have  produced  encouraging  initial  results. 

Descending  Subtraction  Task,.  We  have  reported  that  when 
moderately  sleep-deprived  subjects  were  required  to  perform  the 
Descending  Subtraction  Task  performance  improved  following  brief 
naps.  The  descending  subtraction  test  requires  the  subject  to  keep 


in  mind  and  manipulate  several  items  of  information  simultaneously. 


h, 

and  me.  LS  the  first  of  the  criteria  listed  above  by  providing  a  strong 
V  ogniiiv'e  load . 

In  this  task,  the  subject  is  given  a  3  digit  number,  e.g.  5ci3,  and 
is  asked  lo  serially  subtract  9,  then  8,  then  7,  etc.,  from  the  previous 
progressivoj  total,  saying  each  successive  total  aloud.  After  subtracting 
2,  he  begins  a  new  cycle  by  continuing  to  subtract  9,  etc.  In  order  to 
accomplish  the  task  successfully,  the  subject  must  keep  in  m.ind  the  par¬ 
ticular  number  ho  has  just  said,  as  well  as  the  number  he  needs  to  subtract 
both  numbers  Doing  altered  with  each  successive  subtraction,  as  fast  as 
possible.  Throe  major  error  categories  are  losing  track  of  the  original 
number,  errors  in  subtraction,  or  errors  in  the  choice  of  num.ber  to  sub¬ 
tract.  Thus,  the  task  allows  the  assessment  of  both  speed  and  accuracy. 

Typically,  subjects  who  are  alert  and  rested  yield  reasonably 
stable  and  reliable  performances  on  the  task  and  have  relatively  little 
difliculty  carrying  it  out  when  they  are  fully  focusing  their  attenticm  on 
il--a  situation  that  does  not  obtain  with  fatigue  or  immediately  cn  arousal 
from  sound  sleep.  The  task  has  proven  useful  as  a  measure  of  performance 
prior  to  sleep,  during  sleep  and  after  sleep.  We  have  found  that  subjects 
who  are  tired,  or  who  are  awakened  from  sound  sleep,  encounter  con¬ 
siderable  difficulty  with  this  task.  We  have  demonstrated  significant 
peiformance  decrements  immediately  after  being  awakened  from  sleep, 
wiien  compared  to  baseline  performance  before  sleep,  and  subsequent 
performance  int:rements  when  assessed  15  minutes  after  being  fully 
awake.  A  highly  promising  aspect  of  our  data  is  the  finding  that 
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siH'r'-'iMii'  sloop,  or  napping,  results  m  siynificun'.  porforr.. once  .noT'  - 
moots  oiif-o  the  subject  is  lully  awake. 

Randomization .  The  Raiidom  Number  Generation  task  has  aeon 
derived  from  our  work  on  the  measurement  of  the  monitoring  and  deploy- 
meiit  O'"  iiuman  attention.  The  subject  is  asked  to  produce  num.bors 
between  1  ana  lU  at  random  in  time  with  a  metronome.  The  tasn.  is  not 
a  usual  or  even  an  especially  easy  one  for  subjects  to  perform.  It  is 
the  an.tithosis  of  wiiat  we  are  taught  to  do  as  we  deveiop--to  become 
organized  and  predictabl'^  in  our  behavior,  and  especially  in  our  patterns 
of  thought.  Success  at  the  task  would  seem  to  require  just  the  reverse-- 
the  controlled  non-patterning  of  thought.  Though  this  task  sounds  simple, 
it  demands  tnat  the  subject  keOfi  in  mind  the  numbers  he  has  generated 
;.i  the  p3St--in  order  to  avoid  using  any  given  number  more  than  another, 
of  repeating  a  number  too  frequently.  Research  reviewed  by  Wagenaar 
(ld72j  has  shown  that  the  random  number  task  has  the  potential  of  re- 
ilacting  alterations  in  consciousness,  but  the  current  available  methods 
1  analyzing  randomness  in  humans  were  insensitive,  and  required  subject 
n.  pro(lut:e  a  large  number  of  digits  for  analvsis.  Our  laboratory  has  de- 
veloperl  a  technique  for  determining  randomness  adapted  from  Tulvmg's 
{i962)  v/ork  on  the  organizational  strategies  of  free  recall,  and  developed 
1  computer  program  for  scoring  the  randomness  of  the  subject's  output 
w'tii  as  few  as  100  digits  in  order  to  make  this  a  practical  procedure. 
Another  important  aspect  of  this  task  is  that  it  is  well  nigh  impossible 


foi  ^atht'r  tho  ^joiect  or  the  experimenter  to  detect  the  relative  chaiiq-jc 
in  ran^iumn',  ivi.jch  occur.  Thus,  within  a  bro.icl  ranye  of  perfom.uncc 
there  i^  no  i  ■  vuju'ik  to  the  subject  concerniny  iiow  well  he  is  duiny. 
Finally,  it  le  possible  tej  pace  this  procedure  externally  ijy  insist, ny  that 
subjects  produce  a  number  each  second  in  time  with  a  metronome. 

Pilot  studies  !iad  indicated  that  the  randomization  task  was  :eia- 
tively  insCi  .  itive  when  subject-paced;  it  varied  with  sleep  deprivation 
when  exp  ‘in:. enter-paced .  Wo  wished  to  add  an  additional  cognitive 
load  to  the  perfoMuaace  en  the  random  number  task.  After  experimenting 
Witt:  a  variety  of  procedures,  we  selected  a  two-hand  coordination  task 
which  subjects  can  learn  to  perform  with  no  errors  even  when  fatigued. 
Subjects  were  trained  to  the  asymptote  criterion  of  repeated  errorless 
perfomiaiice  and  were  then  required  to  generate  random  numbers  while 
simultaneously  maintaining  perfect  performance  on  the  two-hand  coordi- 
iijtor.  the  background  task  of  maintaining  such  perfonriance  on  the  motor 
t.i.'^k  requires  continuous  monitoring  by  the  subject,  and  apparently  serves 
to  make  the  random  number  task  a  far  more  sensitive  measure  of  cognitive 
:  apabi  l.it>  .  We  hypothesized  that  when  an  individual  is  fatigued,  more 
of  ins  1 '"sourcop  would  be  involved  in  maintaining  perfect  performance  on 
the  muior  skill,  and  thus  less  would  be  available  for  the  generation  of 
random  numbers.  This  hypothesis  derived  support  when  subjects  were 
.isked  lu  generate  random  numbers  while  learning  to  perform  the  two-hand 
'  :ontil  ma  Lion  task  (Graham  &  Evans,  1973).  Randomness  was  depressed, 
•omiiciicd  to  baseline,  when  subjects  first  began  to  learn  the  two-hand 


coi'ai  !  .sk  Hcwcvor,  as  learning  proceeded,  tiie  motor  perfor¬ 

mance  iHipi  ■>.:  and  randomness  increased.  When  the  coordination 
task  liaP  b-  I’-'ann.d  well  that  it  could  be  perforn.ed  autumaticall':. 
and  with  ao  i  ;al  eff<ar:,  random  number  generation  returned  to  baseline. 
Inns,  me  rando:..i.. .iLion  task  appears  to  measure  the  amount  of  attention 
involx-  ''J  in  ih>,  learning  of  a  joint  task. 

i'ne  iosults  reported  by  Williams  and  Lubin  (1967)  and  of  Graham 
a.;d  Evans  (1973)  in  conjunction  with  a  series  of  pilot  studies  reported 
ast  year  suggosLed  that  the  combination  of  the  two-hand  coordinator 
ind  ranuom  number  generation  might  well  provide  the  kind  of  intellectual 
challenge  whicii  exceeds  the  capabilities  of  the  fatigued  individual  in  the 
sense  that  he  performs  less  than  optimally  even  when  motivated  to  main¬ 
tain  nerfonnance .  Thus,  the  ability  to  maintain  randomness  while  simul¬ 
taneously  maintaining  asymptote  on  a  performance  task,  and  the  descending 
siiLiti doi ion  task  were  deemed  sufficiently  promising  that  they  were  included 
ar.'pi  ..pnate  tasks  in  the  collaborative  study  involving  continuous  per- 
. Tr,  during  prolonged  fatigue. 

Suslai n 'jd  Perfonnance  Research 

The  programmatic  research  being  conducted  by  Alluisi,  Morgan 
ii'.d  their  colleagues  is  concerned  with  the  conditions  under  which  con- 
i'luious  work  loads  can  be  maintained  efficiently  over  long  time  periods, 
ii.etimc:;  with  minimal  rest.  This  research  has  been  based  on  the 


synthetic  work  methodology,  which  has  been  described  by  Morgan  and 
Alluisi  (pp.  843-844,  1972). 

The  contribution  of  the  synthetic-work  methodology 
to  the  assessment  of  human  performance  is  unique  in 
that  the  tasks  of  the  battery  are  combined — with  use 
of  the  2-hr.  time-sharing  task  schedule--into  a  syn¬ 
thetic-work  or  job  situation  that  is  typically  ^'s 
responsibility  over  periods  of  work-day  duration  (e.g.  , 

8  hr.)  on  each  of  12  to  15  successive  days.  The  per- 
fonnances  typically  measured  with  this  battery  are 
within  the  domain  of  work  behavior;  they  differ  in  pre¬ 
dictable  ways  from  the  test-behavior  performances  more 
frequently  studied  (cf.  Alluisi,  1969,  pp.  59-60).  That 
IS  to  say,  ^s  approach  a  job  with  motivational,  attitudinal, 
and  energy  states  that  are  characteristically  different  from 
their  approach  to  specific,  relatively  simple,  short-term 
test  situations.  With  a  suitable  job  such  as  that  provided 
with  the  present  battery  in  the  synthetic-work  situation, 
work  behavior  may  be  studied  in  the  laboratory  with  many 
(if  not  all)  of  the  usual  controls.  This  provides  a  more 
valid  basis  for  the  generalization  of  results  to  man's  work 
uehavior  .... 

They  summarized  the  results  of  their  first  decade  of  research  on  sus¬ 
tained  performance,  work-rest  scheduling  and  circadian  rhythms  as  follows 
(Morgan  and  Alluisi,  1972).  (a)  Man  can  probably  follow  a  4-hour  work, 

4- hour  rest  schedule  for  very  long  periods  without  detriment  to  his  perfor¬ 
mance.  (b)  For  shorter  periods  of  2  or  possibly  4  weeks,  a  more  demanding 
4-2  hour  work-rest  schedule  can  be  followed  with  reasonable  maintenance 
ot  performance  efficiency,  (c)  Man  uses  up  his  performance  reserves  in 
following  the  more  demanding  schedule,  and  so  is  less  able  to  meet  the 
demands  of  emergency  conditions  such  as  th  imposed  by  sleep  loss. 

(d)  The  circadian  rhythm  that  is  evidenced  in  physiological  measures  may 
also  be  evidenced  in  performance  measures:  the  cycling  may  be  demonstrated 
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in  thii  pdrfumiaaces  of  overloaded  operators  depending  on  several  spe- 
ciiic  factors,  (e)  The  tasks  in  the  battery  and  the  methodology  employed 
e  the  synthotic-work  approach  yield  measures  that  are  sensitive  to  the 
manipulation  of  both  obvious  and  subtle  experimental  variables. 

The  study  being  conducted  was  the  sixth  in  a  series  of  studies 
aealiug  with  the  effects  of  continuous  work  and  sleep  loss  on  performance. 
It  IS  referred  to  as  SPADE  6  by  Dr.  Morgan's  lab...ratory .  Its  aims  were  to 
examine  the  ability  of  subjects  to  maintain  performance  during  36  hours  of 
continuous  work,  tlv'  extent  to  which  four  houi-  'i  sleep  is  adequate  for 
restoring  petfonnance  to  its  baseline  level,  and  dr’  ndeiaction  of  sleep 
loss  and  continuous  work  witli  the  underl'-ine  -i,  ihvtfim.  This  par¬ 

ticular  study  completed  a  parametric  luV'.sti.uUi  t  tlie  intci  iction  of 
diurnal-cycling  and  continuous  work,  and  date  .vus  to  be  u'  ailablc  fci 
Six  crews  of  subjects,  each  ot  which  began  woiKing  .i  3u-iiour  peiiod 
after  continuously  wuikinri  for  4-hour  intervals  linoughout  *hc  z-i-houi 
day . 

Procedure  ^ 

Subjects .  Paid  student  volunteers  were  solicited  and  ti.en 
assigned  to  either  one  of  two  possible  five-man  crews  for  the  duration 
of  the  study  (the  ABLE  crew  and  the  BAKER  crew).  Assignment  was  on  the 
basis  of  academic  scheduling  commitments.  Each  crew  received  an 
orientation  to  the  study  in  an  initial  briefing  session.  At  this  time  they 
were  also  introduced  to  the  particular  tasks  they  would  be  requir'd  to 


perfonn  d,;niH!  tho  course  of  the  experiment.  The  subjects  .ver’^  i  i 

•imultaueuusLy  iii  five  individual  but  adjacent  cubicles,  cumforlaol > 

.eatccl  Pefoi  '  tlmir  individual  tost  panels.  Th  -y  could  hoar  e-ach  oth‘  ! 
but  had  no  visual  contact. 

Multi ple-Task-Porformance  Battery.  The  six  separate  tasks 
vvhicli  comprise  the  Muitipie-Task-Perfonnance  Battery  (MTPB)  ar-;  pre¬ 
sented  by  means  of  a  small,  compact  panel  placed  on  the  tables  in  front 
ot  indi'hilual  s.ubiocts.  The  tasks  attempt  to  provide  measures  of  general 
perfonnanee  functions  applicable  to  a  wide  variety  of  specific  w.^:k  situ¬ 
ations.  The  '  mious  measures  each  reflect  some  of  several  rcicva.it 
dimension.s;  attentjN'o  and  vigilance  functions,  memory  and  tive  reception- 
transmission  of  infonnation ,  sensory-perceptual  and  sensory-motcr 
po'rfonnanco ,  and  interpersonal  coordination,  cooperation  and  uiganizatior. 

More  specifically,  iiie  individual  is  required  to  perform  six 
. i(.-tivities:  (I'  Momv.jr  and  correct  the  status  of  several  stimulus  lights 
on  the  extreme  left  c'f  the  panel;  (2)  Monitor  and  correct  the  rate-cd- 
change  of  cuimuli  at  the  extreme  right  ol  the  panel;  (3)  Detect  and  correc  i 
bias-cieviatiuiis  in  tlie  continuous  movement  of  pointers  located  ci  fear 
sem.i  circular  scales  placed  in  the  upper  central  portion  of  the  par  el; 

(4)  Perform  arithmetic  computations  by  subtracting  the  third  ol  three  sets 
of  three-digit  numbers  froni  the  sum  of  the  first  two  sots,  presented 
visually  in  the  bottom  central  portion  of  the  panel,  indicating  the  answer 
manually;  (5)  Work  on  a  target  identification  task  presented  visually  in 
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Fiio  <;enter  of  :h’.  paii'M;  ('■)  Work  ;n  coordinai-io  .  with  otiv.r  '  ::  .  .  . 

'  -■btdiiiing  the  solution  io  a  randomly  presented  eoe  .  n-i  :.  , 

isuallv  located  in  tiiL-  central  right  portion  of  the  pan.-l. 

The  subject  is  responsible  for  the  three  nionitonng  'esk  (i  -  i)  n 
coiitinuous  ijasis,  but  performs  the  other  tasks  only  part  1  . 

;  '■  vvork-denu;, nd  schedule  may  be  low,  int' -r.-ieaiol’'  >..1  a., a.  g  uaii'.i, 

■vaeth  '.r  '.'se  subjecl  is  responsible  for  thr  .-.-.  ,  car  r  i;  a  te.  r,. 
inmltaneous  ly .  Thus,  ;n  a  typical  two-hour  p.-nod,  the  suin’-  t  .  s 
e isp,.m.able  [>.)r  3i„  iiunutos  of  low  level  activity  ,  tU  nr, in  .i  a-,  a  .ni-a- 
iii'-Ujate  actiN'bv  ana  3U  minutes  of  high  activi:\  ,  a  ik>; scn.yue:.: iU  1  :  :  i. 

Collaborative  Sleep  Study  Procedures 
liie*  1  ilLaborative  study  was  initiated  tor  the  p  naose  of  pr.  '’uang 
furt.hei  inforriiation  on  possible  performance  alteration,  les u’.t'.na  fror, 
continuous  .onk  diifi  tonej-tenr,  shiep  loss  as  well  as  jXjiruui'i-  , 
potentially  beneiiciat  eilecls  arising  from  subsoguent  tecover,  trom  t:  -.t 
sleep  loss . 

Descending  Subtraction  Task.  The  subject  is  given  a  j  redotem aned 
three-digit  number  and  required  to  sequentially  subtract  from  it  the  numbers 
from  nine  to  two.  He  is  to  say  aloud  the  answer  derived  from  each  sub¬ 
traction.  Upon  subtracting  the  final  number  two,  he  then  begins  the 
sequential  subtractions  again  from  the  number  nine.  He  continues  in  this 
fashion,  petlurming  mental  subtractions  and  saying  tin  mswar;.  aloud, 


:,'i  ..  (.er'iio  o!  .i'l'.ie  niinui  .•  ■'■orrc.  l  .  ;q  .x-e  vc  iiu:  u': 

’•  .  ’Oi'-' ,  'ii)l  ,  /'■).,  /'r'i,',  7b6,  783,  Vui,  I;-.' 

'Ct'.  ;.  ;i':ies  ar>-‘  ^inal'-zod  n.  t'-.rui:;  ’-ho  i-.ean  tin;  .;  ;  ■■  i  ^ 

pGi'cant  oi  i-rrors  n;ac,-  m;  the  thrce-ntiiiut-.  ta.;.K 

R.indam  Number  Generation  Task.  The  sai  .-.-ct  i  ;  .ji-..  a  i  ven..: 
qenerate  ;  senes  of  random  digits,  using  the  nun'hers  iror..  e  t..  '  ■. 
inclusive.  He  says  numbers  aloud,  in  time  witl;  a  metroncme  Leut;;.!, 
at  the  rate  oi  one  per  secona,  lor  i05  seconds.  Analysis  is  in  tenrs  .  • 
the  S.O.  (subjective  organization)  index  descniied  abt  •/  ■,  vvh.ch  •..•.••.pp.-,-. 
a  funcfjoii  ol  liie  Ir'..' puency  with  which  any  number  foilov/s  anv  cTr.  .t  n.,i' 
bar  i.  i 'i;;p..in.-d  tu;  chancp'  .ixp'.ctations  . 

Two-Hand  Coordination  Task.  This  task  has  ;pn  ‘ly*  n.-. ; ..‘iy 
deu.cnbed  by  M  jIlou  {ih47)  and  i::;  one  oi  tl.'O  onjinth  Ai;i.y  /■.;  '  ir.  >; 
tasks  ised  111  liie  I'.'OLio!)  ...i  aircrait  pe»'sonnel.  The  .subp;.  ■  pt-s 

to  kiiep  a  contafit  atoi;  a  target  moving  in  an  irregular  circular  l  atoan 
by  turning  cwi.’  I'anU -cranKS  .simultaneously.  One  crank  mnvx  ( 'u.:  conta 
in  a  bark  or  forward  motion,  the  other  at  right  angles  from  side  tci  sia^i. 
By  moving  t!ie  two  handles  at  appropriate  times,  .ipeodr.  and  revolution 
distances,  the  coal  ict  can  be  made  to- move  in  any  direction  and  ayrri-- 
priate  speed  in  a  3i,'0''’  range.  Analysis  is  in  terms  oi  time-on-iargel 
during  (he  12(i  sciiunds  it  takes  the  target  to  make  two  complete 


revol  utions  . 


lii'.'  Cl'  tds!"  i.:-i  pres(?iit’x;  <o  tiu,  -  Ahjcct  scpcj- 

ij  .'I  ,  . li  '  indlUM-!  w  '  '  tlie  random icutioi!  lu:.k,  as  descnlji-';  ijclow. 
f  ai  ciiC'!!  a  coiiiii t ica; ,  liu:  iH  !  pcrtoims  •  sjcrdinuU  t  i.-l'. 

..1.1.1  ^  iiiultdiiiMUsl jLteniplc  to  generate  alc.jd  li  oci.as  of  randcii.  -igits, 
ill  lii'c  M-j.  ■  condition,  tn-.;  suDject  performs  each  task  alone.  P  .r- 
tormance  on  the  motor  task  wa.;  of  no  immediate  interest  other  than 
nroviding  a  s  mniltaneous  over-learnorl  t-ask  to  pioviui.  additional  cog- 
niiive  load  d'aring  the.  randomization  task. 

T I :e  Collaboi'dti'v'O  Experiment;  Procedure  and  Method 

The  oxpiirim cntal  desrejn  of  the  study  can  be  conveniently  divided 
into  four  phases:  (1)  training,  (2)  intersporsed-work-rest  period, 
t.O  ci'i'il  Miiioui..  (3i,)-ln.Mr)  work  and  (4)  recovery  period  nuerspersed-work-rest . 

Training  Procedures.  Daring  the  month  of  Novoraber,  197J,  all 
..'!  .  1.';  .•.'.■cl  liase! in'..!  training  on  the  niultiple-task-perfonnance  battery 
atr.i  also  on  llio  pcrtorm.inco  ol  the  randomization  and  descending  sub¬ 
traction  tasks.  On  tin.  tirst  day  of  training,  subjects  perfonimd  liic 
descending  sulitractiun ,  then  the  randomization  task  alone,  and  nn.eilly, 
the  combined  randomization-two-hand  coordination  task.  They  then  con¬ 
tinued  training,  alternating  between  performance  ol  the  motoi  coordination 
task  alone  and  perfomiance  of  the  combined  random  number-coordination 
task.  CJn  day  1,  each  subject  performed  13  twi'-nnnute  coordination  trials 


111  ter.ip' 'n^ei  I  willi  7  two  iiiimiLt;  coiiibinod  i  andi  iiiii  .Ml  ion  ■  ci  ivuii  i  nat  n  ui  trial:.. 
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The  final  tasks  of  the  session  involved  performing  the  descending 
subtraction  and  random  number  tasks  alone.  Training  continued  on  day  2, 
and  thereafter,  until  each  subject  attained  criterion  on  the  combined  task. 
The  criterion  established  was  a  demonstrated  auildy  to  remain  on  target 
K  i  115  of  the  120  seconds  ('.m  four  successive  combined  trials.  This  was, 
as  it  turned  out,  cm  unfortunate  modification  of  our  earlier  procedures. 

We  iiad  previously  insisted  on  asymptoted  performance  as  perfect  120- 
second  error-  free  trials  only.  The  liberalization  of  the  criterion  was 
made  in  pan  because  of  the  difficulty  of  achieving  the  more  stringent 
cniterion  with  this  sample. 

The  subtraction  and  randomization  performance  data  were  recorded 
both  manually  and  by  a  tape-recorder.  Time-on-target  was  manually 
lecordeu  Irom  the  clock  attached  to  the  two-hand  coordinator  apparatus. 

Iptursporsed  Work- Rest.  The  BAKER  crew  entered  this  phase  of 
the  experiment  beginning  at  4  a.m.  on  January  1,  1974.  For  the  next 
48  hours  they  opeiated  the  multiple-task-performance  battery  panel  on 
a  4-4-4-12  alteriniing  work  and  rest  schedule.  This  provided  each  sub- 
]''ct  with  lb  houi;  of  work  experience  and  32  hours  of  rest  during  this 
phase  of  the  study.  The  ABLE  crew  entered  this  phase  of  the  experiment 
at  4  p  m .  on  January  7  ,  1974  and  they  were  treated  the  same  way  except 
tor  the  12-hour  clock-time  displacement  for  each  subject. 


1  1  r, 

ContiiK.oub  (3b-Hour)  Work.  At  4  a. in.  on  January  3,  1974  the 
bAK£H  i  i.;'.*.  an  ih-,  continuous  work  phase  of  the  experiment.  This 
■--  111'  4  w.'iKin  :  ^  ■'iiiinuously  over  the  next  36  hours.  Subjects  performed 
-it  u  v,  (23  ),  I iiLermn Jiate  (^07?)  and  high  (25;4>)  levels  of  activity  per 
-i  -  1  U'  :iod  tiirouahout  the  36-hour  period.  The  ABLE  crew  entered 

p  e  at  i  u.i',.  on  January  9,  1974.  Short  food  breaks  were  pro- 
'  e  C  all  i:c,iL\'  ■.iaiinq  the  low  activity  cycles. 

Rticoverv  Period  Interspersed-Work-Rest .  At  the  conclusion  of  the 
;  lit;:!;,  .  !  coiitinuous  work  the  subjects  were  allowed  to  sleep  for  a 

P'.iuid  u''  1  hours.  Tiiey  tiicn  oegan  another  period  of  48  hours  during 
wsacl,  tiicy  aiteinaU.  d  work  and  rest  on  a  4-4-4-12  alternating  work-rest 
cychi.  The  RAKER  crew  entered  this  phase  at  8  p.m.  on  January  4,  1974 
iiid  lla  ABLE  crow  at  8  a.m.  on  January  11,  1974. 

Tn,  a’xpoi'UT.  ,i:t  was  concluded  at  8  p.m.  on  January  12,  lyM. 


Expo. irnental  Procedures.  Beginning  with  the  interspersed-work- 
i":  i  I'ti.isi'  c  th  '’  ';xpv.'rinicnt ,  subjects  performed  the  above  tasks  during 
c:  1' .'W  lovi  Ui-U'-  ity  portions  of  the  major  experiment.  The  apparatus 
IS  installed  in  a  separate  room,  and  during  the  last  15-minute  period 
ot  low  ievci  activitv  and  the  following  first  15-minute  low  level  activity 
poru-  i  'I  iho  :us-\t  two-hour  period  subjects  dis<  ontinued  their  test  battery 
''  tc'  .f'  a  id  ;M'!!on;i  'd  the  collaborative  tasks.  In  the  pinidetermined 
sequo!  ■  of  Alena,  Hic.  .o,  t'harlic.  Delta  and  Echo--designations  el 


individiKil  tijTin  member  positions-- subjects  entereci  tive  experimental  roorr. 
and  porK'rmed  twc,'  two-minute  combirm'u  c:  .ol(-.inatlon-randoml^atlon 

.  T'u'n  Livy  wont  to  a  different  room  foi  the  ■.  •.•uarate  tasks.  Here 
Li:''v  tvirnod  on  the  tape-rocc;rdor ,  received  th  d.!b''.,:idiny  subtraction 
■.nitin'.!  iumbei  '.uid  porfomied  tlie  subtraction  task  for  three  minutes  and 
L;  !' indc'o  luriioer  task  for  twc  minutes.  Followin.q  this  they  retained  to  thc- 
co 1  ;inoas  woi '<  battery  room  to  ccntin  ie  with  the  main  experiment.  This 
seduenco  of  events  continued  for  the  4B  hours  of  the  interspersed-work-rest 
tliune  oi  Liio  expcrim.cnt.  In  all,  subjects  performed  the  combined  task  a 
total  ut  12  times,  ihe  subtraction  task  a  total  of  b  times,  and  the  random 
number  task  a  total  ol  6  times.  The  exception  to  the  above  sequence  in¬ 
volved  w.akinq  subjects  from  sleep  on  two  soparat-^  occasions  to  perform 
the  tasks.  These  data  are  included  in  the  above  totals. 

DurUuj  iho  contiuut-us  work  phase  of  the  experiment,  subjects 
maumui.  j  witli  the  same  task  performance  during  low  ietmi  activity  periods. 
In  i;i  ,  oich  subje  -t  performed  10  combined  performunce-randomixation 
tiia'.s  ,  '>  subtraction  trials,  and  5  random  number  trials  during  the  36-hour 
coniiiri'His  work  phase  of  the  experiment. 

i'tdiowinr:  the  continuous  work  phase  subjects  slept  loi  a  total  of 
-rur  hours.  Immediately  upon  awakening,  they  entered  the  recovery  period 
juirti  .n  if  the  study.  During  this  phase  each  performed  12  combined  motor- 
landon  !  ration  Inals,  b  subtraction  trials  and  6  random  number  trials.  The 
pro  <‘1  :re  is  outlined  schematically  in  Table  15,  and  the  mam  results  for 
:  ■■  ::  ,i!  jKMiod  are  ■..umman  zed . 


TABLE  15 


ol  ('ollal)orativo  SL’cp  Study  and  Summary  of  Results  on 
Descending  Subtraction  and  Random  Kumber  Tasks 


Period  Trial 

'  Time  test  done  ' 

Length 

prev. 

rest 

Time 

since 

rest 

DST 

Time  per 
Number 

— 

Percent 

errors 

RNG 

(during 

THC)® 

Able 

Baker  ’ 

] 

1800 

0600 

(8) 

2 

3.60 

21.7 

.  j79  i 

Training  2 

'  0200 

I 

1400 

4 

2 

3.45 

18.0 

.364 

3 

1000 

2200 

6 

0 

3.55 

16.3 

.363 

■1 

IbuO 

0600 

12 

2 

j  3.60 

17.0 

.352 

5 

•'  0200 

1400 

4 

2 

3.40 

17.5 

.387  1 

6 

!  1000 

2200 

6 

0 

3.30 

16.4 

.347  j 

7 

i  1800 

0600 

2 

3.00 

16.5 

1 

.3d5 

Deprivation  li 

0200 

1400 

10 

3.20 

14.3 

.349  ! 

9 

!  1000 

2200 

18 

3.10 

15.9 

.  34v  i 

lU 

1800 

0600 

26 

3.30 

15.9 

[ 

.346 

11 

i  0200 

1400 

34 

3.83 

15.3 

;  .  389 

I 


i 

0800 

2000 

4 

0 

4.15 

18.7 

;  .334 

13 

1200 

2400 

4 

4 

3 .  1 0 

15.2 

.354 

Rf’COV.T';. 

14 

1800 

0600 

4 

2 

,  3.20 

17.3 

.37  4 

15 

0800 

2000 

12 

0 

3.35 

lb. 7 

'  .341 

i 

16 

1200 

2400 

12 

4 

2.85 

14.2 

.thl 

j 

17 

1800 

0600 

4 

2 

2.90 

11.4 

,  .367  j 

^The  RNG  and  THC  combined  task  has  been  completed  to  asymptote  pei  lurmaiuc 
on  THC  of  4  consecutive  errorless  trials  (115  out  of  120  seconds  trial  length)  i-rior  ti. 
tin  phase  of  stiidx'. 


D  umy  f  aijtracLiOii  Task 

Data  Anaivs;^.  Each  tin.o  tho  de.sc-a..'.:ir!q  subtractiur.  ■  :  a:  ■.v:^ 
pcif.'!!  .;i-.  aubj-.-ct.'s  raspoiisc's  j;o  I'-COt  ;  jc  oi.  im  1  a  j 

siij.jt  (and  ,,i,  audi.)  tape).  The  fcrins,  ti.uut...j.'  v;.t;.  •  .  j  ■  ,  vvi.-ta 

scat  to  th'  Uait  tor  Experimental  PsycTaatry,  witei-.-  lii  oata  u:.  .  s 

To  t b task  -.7 a 0  a : ri ec!  out. 

Two  research  assistants  independently  listened  to  tiie  topes,  aoi 
recoraed  the  subject's  responses.  The  data  sheets  were  tlion.  comparea, 
and  any  disagreements  rescored.  Again  independently,  the  assistant. s 
playoc  the  tapes  a  second  time,  recording  the  length  of  time  required  fc; 
each  subject  to  repeat  tlie  starting  number,  the  length  of  time  required  to 
produce  each  block  of  B  responses,  and  the  point  at  which  tho  3  minutes 
allotted  to  tlie  task  was  completed.  They  then  examine'i  tne  data  sheet 
for  each  repetition  of  the  task  for  errors,  and  ciass.iied  those  errors. 

Data  sheets  were  then  turned  over  to  a  third  assistant,  who 
compared  the  two  data  sheets  for  each  task  performance  and,  in  uQse 
of  disagreement  ,  requested  that  the  data  be  rescored.  Ail  rescoririg 
w.i.s  done  without  reference  to  the  original  scoring.  Where  u.sagrue- 
rnent  as  to  eiror  classification  occurred,  the  third  scorer  made  tiie  final 
decision . 

Several  dc-pendent  variables  were  derived  from  the  data  sheets; 
mean  time  to  produce  each  number,  number  of  errors,  percent  errors,  time 
to  repeat  the  starting  number,  items  produced  before  the  first  error,  and 


frequem  y  ef  varu.  u,  types  ot  errors.  Of  tlieso,  mean  time  pt  i  number 


aii'i  I'-'icent  en  jrs  w.  i-,-  ti  ;  n.ost  usefu-  nv  a  ■  a  .  ii  - 

ropoit'ici  below  dri-  b'lr.Mi  oru'.  on  these  see-:'— 

lo  leuuce  tiie  variance  associated  wi:b  idea'.  di;fer-_:ict,-r 

ici  arith:netical  abilitv,  rhe  mean  and  stanureu  o  /i  jw-^n  oi  ali  trials 
lor  each  individual  subject  were  computed;  raw  ia;  •.  v.  .ou  me;,  cc.  - 
\  rlGi.!  to  standard  scores  with  mean  of  50  ana  sia;.s.arri  c-.viaiiC'i  m  Ic. 
Subsequent  an.alysos  were  based  upon  these  standarn  scores  .  Res. bits 
for  mean  time  per  number  and  mean  percent  errors  are  si.mn:an,;ed  in 
Figure  3  for  each  of  the  various  experimental  conditions.  Data  foi  both 
subgroups  are  presented  in  Table  15. 

Mean  Time  per  Number 

Training  Period .  No  significant  differences  between  the  ert.-wm 
were  found  during  the  training  period  (raw  data)  atthough  tne  ABLE  ..'rew 
improved  more  over  the  two  days  than  did  tne  BAKER  crew  (F  =  ■  .?&; 
df  -  1  ,8;  £  .05).  The  means  of  the  four  trials,  :'wc.  on  -.ac;  day, 

combining  both  groups,  wore  4.5,  3.9,  3.5  and  3.3  rospo.'Ct : '.'’ely .  As 
wtiuld  be  expected,  practice  r-ffects  wore  signiticant  (I)  =  ;  .b':  dl  =  1  ,c 

£  -  .01). 

Intermittent  Work  Period.  Some  practice  effects  continued  into 
the  intormitlent  work-rest  period.  Performance  on  day  2  was  better  than 
on  day  1  (F  27.51;  df  -  1,8;  p  <.0I).  Thiouyhout  this  phase  of  iF,'.' 
jxperiineitt ,  the  tusk  was  pni.senled  i>  times,  and  .  ubjccts  t t : :  i  ui  , .  '■ 
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1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17 

Intormittont  Work-Rest  Continuous  Work  Recovery 

36-Hour  Sleep  Depriv. 

FIGURE  3 

Performance  on  Descending  Subtraction  Task: 

A.  Time  per  Number  B.  Percent  of  Errors 

The  relationships  between  the  trials  in  terms  of  time  completed,  length  of  previous  rc-st, 
etc.,  are  summarized  in  Table  15. 


show  steady  improvement.  Comparison  of  the  initial  (period  1)  oid 
Iinal  (period  6)  presentations  during  the  intermitteiil  work-rest  phasv^ 
of  the  experiment  indicated  significant  performance  increment  (^-  z.  ; 
df  =  9  ;  £  <  .  05) . 

Of  particular  interest  was  the  effect  of  asking  subjects  to  pei- 
form  the  task  at  the  end  of  the  rest  period  (periods  3  &  fa)  rather  th,...: 
daring  the  normal  work  period  (periods  2,  4,  &  5).  The  difference 
between  the  initial  rest  and  work  periods  (trials  2  &  3)  (£=  1.71;  df  =  9; 
u_  <  .10)  indicated  that  the  subjects  may  have  experienced  a  greater 
degree  of  difficulty  in  responding  to  the  task  requirements  during  the 
rest  period.  This  effect  is  similar  to  our  earlier  findings  that  awakening 
particularly  from  delta  sleep,  was  deleterious  to  task  performance.  How 
ever,  no  such  effect  was  observed  for  period  6,  where  ostensibly  the 
experimental  conditions  were  similar.  Unfortunately,  we  dc  nut  know 
whether,  in  fact,  subjects  were  awakened  to  perform  the  task,  or  whethe 
they  weie  engaged  in  waking  activities  of  their  own  choice. 

Effects  of  Sleep  Deprivation.  The  onset  of  the  continuous  work 
phase  of  t!io  experiment  was  associated  with  a  sharp  improvement  in 
mean  time  per  number  produced  (for  periods  6  &  7  ,  t_=  3.07;  df  =  9; 

£  <  .01).  Wo  suspect  that  this  improvement  was  due  to  motivational 
offnets.  Subjects  had  been  training  for  a  considerable  period,  and  may 
well  have  considered  the  deprivation  phase  to  bo  the  "real"  experiment. 
From  thus  point  into  the  3 fa- hour  continuous  work,  however,  performance 


u 


wii  tho  task  oui;anic  worse  (T  =  B.43;  df  =  4 ,  jZ  :  ^  <  .1  1).  Tii-.'  drioar 
t;  Mid  was  r.ialily  anjiiilicanl  (T  =  H.Zl;  £  .  .01),  i  iit  n  >  other  trendr 
aoproaeiied  sK_:eifu-anct  .  rhiis,  performanc.'  wi  i  SL'tT a;  monotoi!:  ai!'. 

Us  sloop  doprivatior.  aicToasod. 

Effects  of  R(!a'j'.’or\'  from  Sleep  Loss.  After  four  hours  .  .^leo’.  , 

the  subjects  were  owakoiiod  to  perform  the  task  again.  As  wouiu  t  t 
expected  from  our  previous  results,  performance  upon  avvakonit,.;  wj,-.- 
oven  worse  liian  at  the  most  extreme  deprivation  period,  although  the 
effect  failed  to  reach  statistical  significance.  Because  no  sleep  data 
was  recorded,  we  are  unable  to  determ.ine  whether  those  subjects  wiio 
showed  the  most  decrement  in  performance  were  also  those  awakened 
from  delta  sleep.  Between  periods  12  and  13  the  subjects  wore  required 
to  work  at  the  performance  battery  and  were  not  able  to  sloop;  performance 
however,  improved  markedly .  Of  perhaps  greatest  interest ,  iiowov'.:,  is 
Ihe  dramatic  rcvetsal  of  performance  trends,  as  reflected  in  this  measure, 
iollowiiig  4  hours  of  sleep.  During  the  depiivation  phase  a  monotcnic 
performunco  deciement  can  be  observed  (s>_o  Figure  3).  During  periods 
12  and  13,  hiiwev'i-r,  when  subjects  were  also  required  to  be  alert  ou. 
to  work  at  the  performance  battery,  performance  can  be  seen  to  :  hc'w  a 
marked  improvement  under  identical  conditions.  It  is  t!ius  apparent  tliut 
providjiKj  subjects  with  as  little  as  four  hours  of  rest  alter  36  hours  ot 
continuous  work  had  important  consequences  lor  the  individual's  alnlity 
to  perlonn  llie  subtraction  task.  Performance  continued  to  improve 
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o  two  joriudis  z  aac!  '  3  (i_  =  Z  .  J-o  i.it'  '■  ri;  a  ■  .  ‘  ^  r  >  o  ,  ; 

’  la;--  i.'iiial  n'.-'asurom-.o.t  period  (period  I4)  ..■‘•.it  tlia  liaal  zenou  (!V) 

111  a  bigt'.iticaiil  increment  in  tUbk  potfornijnc  ;  3.  j  :  c;  j; 

a  .  1).  til  :  ii'bp'evtive  mean  time  taken  to  niO'Juce  eaith  nun.dei  ::i  tn’b 
.  eriot  Cal  rriais  !2,  13,  and  17  were  4.13,  3.13,  and  2.90.  By  rh*  iac: 
ti  ll  P'>  ,  y,rn:  nice  niiility  had  rocovorod  to  rae  i-  ■/. .1  observed  e*  tia- 
L'  .p'  l  :Oj  I  '  the  diopnvation  phase. 

Bor  JO n t  Errors 

T'oi  each  subject  and  each  task  performance,  the  numu  .-r  of  •.  riorb 
was  Stored  and  expressed  as  a  percent  of  the  number  c  l  items  pr./t  i -ea. 
Standard  scores  (mean  =  50;  standard  deviation  -  10)  for  oac.-  s 
',o.;i  j  c'vi:, put.nl  eased  on  all  Inals.  Results  for  Ihis  measure  are  cc'’-,sis- 
i  vt  .vui'  i.;’  spe.ui  an.ih's.s,  but  n...!  as  prono.uic.j.; .  They  an-,  s  ummar'.  zv'; 
II  Ta;  h  I.)  and  Figure  4. 

Nt;  siiinifioant  .;haiKji!s  in  pei.ient  errors  wer.j  found  cunttg  tiiv 
traininy  period.  Ttius,  while  speed  improved,  lecuiacy  remained  reia- 
li'/el>’  constant. 

Accuracry  improved  duiing  the  internutteiil  work-rest  phase  of  the 
experiment  (e.g.  ,  between  periods  1  and  0,  ]_=  Z .  97;  df  =  9;  £  .  0  i ) . 

Most  of  the  improvement  occurred  durinq  the  tiisi  two  periods.  Asking 
I  lie  subject  to  pei  torm  the  task  during  a  rest  poiiod  did  not  affect  error  rate 

W'iulc  mcMii  time  pei  number  showeci  maik'-ri  iniprovement  at  . 

.  ign’.iivq  of  th  ’  cv  nt  ■  nuon:'  '.m  ;k  piiase  of  in 


xpenni.  lit  ,  pi .  s  .;m  ib!  v 
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due  to  subjects'  motivation,  no  such  effect  was  observed  using  the  percei.; 
ouior  score  Q.  --  ,05).  Deprivation  had  no  effect  on  the  perr-entag"  of  ern.'t. 
made 

Percent  errors  increased  as  a  function  of  siniden  awakening  altei 
four  hours  of  sleep,  although  the  effect  was  no'  (t_  I.a.  ), 

and  then  showed  a  gradual  improv,rniont .  The  imal  3  peiicc-  .ei'  i- 
nificantiv  better  than  the  first  3  recovery  periods  (}'  =  11.  (■  ;  c,:  --  I,:-; 

£  <  .01).  Tic;  overall  recovery  assessed  by  eomp.aing  pcrioui-  .3  anc. 

17  was  higliK  significant  (£~  3 . 36 ;  df  9 ;  £  '  .01).  Tiius,  ii.  • 

effects  of  deprivation  were  not  apparent  during  tlie  deprir  acior.  pliau 
itself,  significant  and  meaningful  Improvement  occuned  as  sube-,  ts 
recovered  from  sleep  loss. 

Random  Number  Generation 

The  random  number  generation  task  measures  ihi;  Cscjciir  .  3... 

that  is  expended  wlulo  pel  fomung  a  simultaneous  tasii.  T!i'.:  gr-  atei  tVe 
attentive  effort  required  while  doing  another  task,  thrci  tlir  gri.at>.'r  tlu- 
deterioration  in  the  subject's  ability  to  generate  nembers  ran  loniiv.  Ir 
this  study  a  cognitive  load  was  imposed  on  the  subject  b\  ha'.'iiui  '■  :i:. 
perform  on  a  two-hand  coordination  task.  Once  this  task  is  weli  >','ei- 
leamed ,  it  has  some  of  the  qualities  of  carrying  out  a  task  "on  acton ntic 
pilot,"  i.e.,  it  remains  relatively  effortless  to  maintain  the  Ic'c  l  ot  vki.l 
that  has  been  previously  acquired.  Nevertheless,  the  degree  v  .dh  r 


required  to  maintain  perfect  performance  presumably  varies  a;  a  t.ua  turn 


of  several  factors,  motivational  and  subjective,  including  latig., 

.'oet'p  deprivation.  I'hus,  when  the  subject  iS  extreniely  tiied  w-  '.v  ..i:. 
predict  that  much  gieater  etlort  is  required  to  maintain  penecl  ;  r!a:i:.  c... 
on  the  motor  skill,  leaving  less  attentive  energy  to  be  allci'ated  ic  ■ 
laudomiiiation  task.  B>.icause  there  is  little  feedback  as  *  ■>  hew  viec  th- 
SLibjecd  is  doing  on  the  randomisation  task,  it  is  less  hi.  'iv  ti.  i',  t'.e- 
attentive  etfoil  is  pnmaiily  directed  towards  this  task  instead  of  towards 
the  motor  task,  which  gives  instant  feedback  as  to  success  and  provides 
only  -1  fraction  of  a  second  to  anticipate  correction  maneucrTs  w);  an 
obvious  "error"  is  imminem.  Of  course,  the  choice  o.  strategy  in 
determining  which  task  is  considered  most  important  remains  with  the 
subject,  and  could  vary  through  the  experiment. 

The  success  of  this  methodology  is  contingent  upon  the  adeqaac>' 
of  the  initial  training  and  the  degree  of  overlearning.  Unfortunately ,  in 
the  present  study  there  were  problems  in  this  regard.  While  ali  sub) acts 
wore  able  Lo  maintain  the  asymptote  performance  much  ol  the  firae,  there 
were  many  trials  for  all  subjects,  particularly  through  tlu.  continuous- 
work ,  di.'privation  and  recovery  periods,  in  which  errors  were  made  on 
the  motor  skill,  and  less  than  perfect  performance  was  maintained.  Thus, 
performance  on  the  motor  skill  was  not  at  a  level  requirad  by  the  asscunp- 
lion;-  ill  the  measuri  .  In  our  previous  work,  even  after  fewer  training 
III, ill  ,  i.’i.[  suliiect:,  hiive  I',-. 'll  able  to  muinlain  'tT'iiless  performance 
while  (p  ii  '?,iiiiii|  iniuioiu  numbers.  Although  tin;;  wu'  not  so  in  the  piesent 
:  Uid'-,  Mil;  may  ha-'.'  l)f>n  due  to  an  nnloilunat’  lieceaoii  to  I'hange  tlie 


•  -  --.Lire  .  j  tl  '.  R,il!r  1  than  n  i ■(.•rkinnonc ■  ..rilLni  '  i  li  j 

■■  ■  '.'.ivti  I  !  12U  bOcxMKls,  ti-'  t^riKnuJii  iiitiicMl  i.ng  iriiMiiii-,  ;uj'. 

tJL;!  ':i  d  '.".its  -)  S UCt S S 1  Vi-’  tldtlls  dl  I  1.)  bC'COlld.s  w,'i-|  irt)  I  ,  '1  ;j  I:  \  . 
’"i'iS  was  don.n  in  uidor  to  save  some  time  during  the  truinintj  i 

th'..-  trials  during  the  continuous  work,  phase,  which  consi:  'ed  id  a  ri.i  .. 
m-i!:.  of  12  more  combined  trials  on  the  joint  tasks  before  the  depiivaO  , 
pnicedure,  should  hav'e  provided  the  kind  of  overlearning  that  .ve  r,. .;  .jirc-:! . 
That  tr.is  did  not  occur  and  that  the  original  training  criterion  was  :!■  t 
sullioientiy  slriuyent  may  have  produced  results  which  seemed  to  ue 
\\,n^id  .‘raidy  more  variable  within  subjects  than  we  have  seiv-j  i:i  our 
i.irevious  work. 

Although  the  data  analysis  has  not  been  completed,  at  least 
tliree  addiMoiidi  lectors  seem  to  be  affecting  performance  on  '.he  com¬ 
bined  RNG-TIKl  tasks,  (a)  The  combined  two-hand  coordination  and 
randoinizu' in,  tasks  worn;  dune  twice  during  each  of  tlic  17  trials.  This 
'.vv:  CM  ■  111  .ct’.ir.i'l  to  i  .'duco  within-subjec  .  uriability,  but,  in  fact, 
th  irial  uikIi  1  all  conditions  almost  always  produced  higher  (poorer) 

;.  .Ill  .  u'u  iii.iz.il!. 'll  ladicot  ,  and  greater  within-giou,.  \'ari(!i.ility  than 
ti  o  in  '1  ■  h.'Uowing  second  measure.  We  assunio  thos  i.  a  mi.'.i- 

vationd!  eitect  which  we  have  not  previously  observed  in  work  w.'h  [):i 
task  (imujgl'  W"  huve  not  investigated  it  systcmuticall'v ) .  (Lj  T'u'ie 
seemed  to  tie  slront,'  circadian  factors  affecting  the  results.  Ter  unknown 
t';asoiis  tho'ie  trials  that  vvi-re  done  at  v  a.m.  by  the  Af^LE  sungroup  and 
ii  f'  i.m.  1  ic  It.'  p.m.  by  the  BAKER  subgroup  ol  ■  ubieei;.  yi  -hled  poor'*! 
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,  ;lt:, .  i''r  ifid^caiiOr  -  i  rhy'dm.  -.y  'ne  resulis  .v.,;.  :: 

i  iv.:-  ,^<.L  y-jf.  I'uil.  rxijlor-jci.  a;-,  a.  a.  -  ir  com;;.-  a:,  .  .  - 

'■'•ay-.'  the;  tiTa  jh  daring  the  r..;c  y  trial,  were  di;. i- .ac.-i.i 

Z  hou! ;;  from  tlie  tasting  times  of  1 1  continuous  Vvork  arid  dai.-rcratioi 
trials  (i.a.  ,  what  was  initially  a  6  a.m..  ,  etc.  ,  -l-nour  cycle  uV'.nt'L.-. . 
ciianged  to  an  8  a.m,  cycle  in  terms  of  whan  saoj  I'.i..  d:o  ihes  i.;.sk..). 

(.)  Pralinnnarv  analyses  of  the  results  suggested  that  .nd-ui  ance-iitl'  ; 
the  5  deprivation  trials  there  were  difterencos  m  randoimzaticr.  scores 
according  to  iiow  lung  liaJ  elapsed  sinco  th<i  ias;  Oi-st  po'r’..’c.  rnair 
that  were  conducted  within  a  short  period  after  the  leniiinatioi’.  cl  a  i 
period  were  significantly  better  and  more  consistent  with  what  we  would 
predict  from  previous  results  than  those  trials  conuuctea  alter  longer 
periods  had  elapsed  since  the  last  recovery  period.  The  dL't'erioratio:-. 
jf  performance  as  a  function  of  how  long  had  elapsed  since  the  subjects 
rested  is  intriguing  and  requires  further  systematic  investigation  even 
m  thi.i  data.  Of  course,  these  subjects  were  working  on  the  legular 
ports-rmance  battery  continuously  throughout  these  periods.  The  pooter 
raitdumi cation  scotes  and  the  greater  within-subject  ranability  a.s  tin. 
.-abject  had  been  cuntinuousiy  working  for  longer  periods  of  time  cc-i.i  i 
bo  a  function  of  fatigue,  but  this  requires  further  testing, 

'I’h'  ;■  I.'  complicating  factors  made  the  present  ri'sults  difficult  1-' 
o'.Mluai".  Txaminal  ion  of  mean  randomization  scores  tor  both  groups  ovei 
all  training  p-.'iiods  and  trials,  without  taking  into  account  the  alx.v" 


f.c'tor.  ,  d.d  ri>  t  h'ok  cioniisiny,  HoW'ivei  ,  tin  .n.  ■'  -ons  id’  i .  i '  i 


'  lo  ’erit  -ii  t'>  us  that  we  should  limit  our  analysis  to  a  ropiicatiw:.  o: 
me  orie.  ial  Graham  and  Evans  (1973)  finding  showing  the  inverse 
relation  rnp  eetween  ovorieaining  and  randomization.  The  effer  t  ..jf 
deprixaiKn  was  compared  to  an  appropriate  baseline  limited  to  those 
■rials  which  were  tested  immediately  after  the  preceding  rest  peiiod. 

The .  c  W  M',  ,  in  fact,  Trial  6  which  can  be  considerec  an  apie\;pnatc 
O  ld  'a  tiia  overlearning  period  and  in  some  ways  the  rriost  appr  jpriat. 
baseline;  Trial  12,  which  is  the  trial  occurring  immediately  after  the 
T-hour  test  period  following  the  36-hour  continuous  work;  an  i  Trial  1'  , 
in  which  testing  is  made  after  2  additional  rest  periods  of  -1  and  12 
hours;  i .  c? .  ,  a  total  of  16  hours  of  rest  and  12  hours  of  interspersed 
4-hour  work  sessions,  or  18  hours  after  the  end  of  the  deprivation  period. 

Two  other  minor  factors  should  be  borne  in  mind.  Wo  have  no 
record  of  what  the  subjects  did  during  the  rest  periods.  Tney  wer-e  ers:;:, 
the  opportunity  to  sleep,  but  may  or  may  not  have  ucne  sc.  It  '.vas 
reasonable  to  assume  that  most  subjects  would  iiave  slept  for  foui  imurs 
between  the  end  of  the  deprivation  period.  Trial  11  ,  and  the  end  of  the  ne.xt 
woik  period.  Trial  12,  four  hours  later.  Secondly,  even  if  tlu:  subn.  cIl 
were  awakened  to  perform  our  tasks,  we  do  not  know  how  long  u.u;: vorio-r, 
between  awakening  and  the  task  performance.  Both  the  subtraction  uk; 
randomization  performance  may  well  be  depressed  if  testing  begun  widun 
seconds  or  even  a  couple  of  minutes  of  awakening.  We  assume  these 
tests  were  given  after  full  arousal,  and  this  is  particularly  likely  to  be 
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FIGURE  4 

Random  Number  Generation;  Interference  during  Continuous  Work 
and  Sleep  Deprivation  and  Subsequent  Recovery 

Ability  to  generate  random  numbers  is  shown  during  acquisition 
and  overlearning  (Trial  6)  of  a  motor  skill  (two-hand  coordination), 
its  subsequent  impairment  during  36-hour  sleep  deprivation  while  on  a 
continuous  pi'riormance  regime  (Trial  11)  and  its  following  recovery 
when  performed  shortly  after  4-  and  12-hour  rest  periods  (Trials  12 
and  i5). 


The  overall  analysis  of  vanance  compaung  these  six  trial; 
indicated  significant  differences  occurred  betw  .en  at  h.-jst  son.-j  -r  i; 
trials  (F  =  3.3h;  dt  =  S,iO;  <  .u25).  The  previous  results  ;.>i  E 
and  Graham  (1973)  were  replicated.  The  initial  baseline  randonu.;  >t  n 
index  of  .  3  1  9  was  significantly  lower  than  the  first  combined  tri-il  e 
.3'.)7  (t^  --  2.43;  £  <  .025).  (The  standard  deviation  of  the  initial  i  •: 
doniizatiun  trial  alone  of  .  065  is  significantly  greatei  than  the  siV'  , 
of  scores  we  have  typically  observed  in  our  previous  work  of  au'ii;,.' 
This  indicates  the  degree  of  performance  impairment  produced  by  ic.. 
addition  of  the  as  yet  unlearned  motor  task.  At  the  end  of  the  trai,  .i. 
p-inod  when  the  subject  had  met  the  criterion  of  4  consecutive  "perffn 
trials  while  simultaneously  saying  random  numbers  (which  took  from 
to  12  combined  trials),  the  randomization  index  on  the  combined  trial 
had  recovered  to  .3o9,  which  is  still  significantly  poorer  tfian  *:ir'  iHi 
baseline  (t_--  2.t:)U;  £  <  .025).  It  had  further  recoveree  Cj  .3-, 7  bv  i: 
Trill  a  IS  nut  sin'iii  ficantly  different  from  the  initial  bus.  line  1  .  -t : 
£  <  .20),  but  IS  significantly  different  from  the  disrupted  random  i ..  n . 
of  the  initia;  combined  irial  =  .397  ;  £=  l.b9;£  indi.  ■! 

that  randomi/^ition  alnliVy  was  recovering  towards  tin;  baselns  1 
the  task  was  becoming  easier. 

As  piodictod,  the  randomization  index  on  the  combiivec  '  \  ■ 
doterioiated  markedly  after  34  hours  of  continuous  work  and  sl>  ",  ■  n 

vatiun.  Tfie  mean  of  .389  is  significantly  worse  than  tlni  reciv  i  ■ 
oasi'luu'  inTiinl  li  (t_  =  2 . 3  0 ;  £  <  .  02  5) .  This  impaiiiiniit  ni  t'" 


1 


to  deploy  attention  to  an  overlearned  skill  shows  a  dreraatic  recov  ry 
avoii  alter  only  4  hours  of  rest.  The  mean  random' zation  index  after 
lostiag  lor  4  hours  (Trial  12)  recovers  from  .389  to  .334  2.ol; 

<.02d),  but  IS  certainly  not  different  from  either  Trial  6  .72; 

£  <.4d)  or  the  initial  random  number  baseline  (£=  .77;  £  <.4'J).  Al'or 
tiio  next  !2-h‘jur  rest  period,  the  mean  ind'Sx  of  .342  is,  a.s  uxpec  J, 
still  significantly  less  then  the  sleep-depriv-.  d  i;t  paired  perfonr.an^.j 
(£-3.35;  £  <  .01).  ^  ^ 

In  general,  these  results  both  replicate  the  original  finoings 
(during  the  training  period)  reported  by  Graham*  and  Evans  (197  j)  and 
tentatively  indicate  that  this  procedure  might  be  a  sensitive  measur-. 
of  fatigue  and  recovery  from  fatigue.  A  number  of  factors  may  com.pl. - 
cate  the  interpretation  of  data  derived  from  this  task;  certainly,  the  pos¬ 
sible  ciicadian  effect  and  the  increased  vanabihcy  after  prolonged  work 
ano  tiieir  possible  interaction  with  recovery  from  fatigue  effects  require 
fud-lio!  mvestig-.iti'on  ooth  witlun  the  present  data  and  in  future  studies. 


SUMMARY 


While  sleep  has  of  course  always  been  known  lo  raciii'att  - 
covery  from  fatigue,  there  are  broad  individual  differences  in  n.tal  sic-  i; 
requirements;  further,  research  has  shown  that  sleep  is  not  a  unitary 
i;l'i«-uiomenon  and  that  different  aspects  of  sleep  mt.y  have  spi-  iiUe  "ur.c- 
tional  roles.  The  present  studies  follow  from  the  realization  ihai  little- 
data  is  available  about  how  much  and  what  kinds  oi  sleep  are  <  ssentia. 
for  its  rejuvenating  effects.  However,  some  individuals  can  in  fact  iiiiiz 
short  p(  nods  of  daytime  sleep,  i.e,,  naps,  in  a  maniuir  'A  hich  alljvv.- 
them  to  function  continuously  at  a  high  level  or  competi-nce  for  rxtended 
periods  of  time.  This  simple  observation  challenges  widely  held  assum^' 
tions  about  sleep  needs  and  has  major  practical  and  theoretical  implicatio 
The  studies  outlined  are  concerned  with  clarifying  the  physiological  t-nd 
psychological  consequences  of  different  kinds  of  napping  and  tiia  evalu¬ 
ation  of  some  performance  measures  with  which  we  have  tried  to  assess 
the  cognitive  consequences  of  fatigue  and  recovery  from  fatigue. 

A  sample  of  430  normal  young  adult  subjects  werf  jdministertd 
an  extensive  sleep  questionnaire  designed  to  explore  a  numijer  of  -utp 
parameters  in  general  as  well  as  patterns  of  napping  in  particul.n  .  On 
the  basis  of  the  questionnaire  responses,  subjects  belonging  to  thret 
groups  were’  identified:  (l)  Replacement  nappers  are  individuals  who 
utilize  short  periods  of  daytime  sleep  to  make  up  for  lost  nighttime 


sleep.  (2)  AtiiH  litive  napptms  are  individuals  wlio  nap  fioqurntly  regard- 
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less  of  thc-ir  levi  1  ot  fatioue.  Tor  thest'  the  nap  serves  import..'.’, 
psychological  lunoiioiis  which  h'ad  to  increased  comfort  una  c  ntre:-,  , 
apparently  independent  of  sleep  loss.  (3)  Confirmed  non-ae  pper..  .n  ir.L.'i- 
vfduals  who  avoid  napping  because,  for  them,  it  fails  to  t)t  :  '  itisr.iofot  / 
of  making  up  sleep  los.s.  These  individuals  report  tliat  tiu'v  nei  ;.o 
feel  \V',::SP  at  the  termination  oi  the  nap  than  "ney  rd  i;  ot  itr  :  . 

Subjects  who '-veu’e  initially  classifiea  as  typical  of  ilr  ti.rc  (, 
groups  were  then  further  evaluated  by  an  extensive  post-cxpei i mr  ntal 
intendew.  Only  if  an  investigator,  blind  as  to  the  questionnaire  respor.?e<^, 
categorized  the  subjects  in  the  same  manner  as  they  had  been  ci.;- ssifie-o 
on  the  basis  of  the  questionnaire  were  they  included  in  an  in-depth  invc  s- 
tigation  of  napping  patterns.  Thirty-three  subjects  categorized  in  this 
way  came  to  the  laboratory  to  take  a  one-hour  afternoon  nap,  allowing  a.; 
evaluation  of  the  physiological  nature  of  their  nap  and  an  assessment  oi 
the  subjective  experience  following  it.  Finally,  these  same  subjects 
completed  a  15-day  sleep  diary  which  permitted  a  detailed  assessment  of 
the  relationship  betw'cen  daytime  and  nighttime  sleep  anci  provided  indica¬ 
tions  about  the  kinds  of  effects  these  types  of  naps  had  on  how  thev  feit 
and  performed  over  this  period  of  time. 

A  number  of  significant  differences  in  napping  patterns  emerged. 
Most  striking  was  the  tendency  on  the  part  of  appetitive  nappers  to 
cycle  between  different  stages  of  sleep  and  respond  more  quickly  to  I'lii 
awakening  stimulus.  Whereas  leplacement  napv>ers  fell  more  .  jt’.id'iee 


it  they  tell  . i s I ee p  i lickl y ,  had  more  delta  sleep,  and  felt  that  th(  y  hud 


slept  deeply,  the  opposite  was  true  for  non-no I'.pcrs .  Most  intorostinu , 
neither  arousal  variables  nor  physiological  sleep  parameters  preaicte'i 
sleep  satisfaction  for  appetitive  nappers.  They  were  most  satisiie-a  with 
the  nap  if  they  perceived  the  session  to  be  short  and  if  they  judued  them¬ 
selves  to  have  been  asleep  for  a  shorter  pt ’'text  of  time  thjp.  would  have 
been  indicated  by  their  EEG. 

The  final  portion  of  this  report  describes  a  collaborative  stucy 
carried  out  in  conjunction  with  the  Performance  Research  Laboratory  of 
the  University  of  Louisville,  Kentucky.  This  study  co:npares  the  raoialy 
administered  cognitive  measures  of  performance  mat  we  have  bten 
using  with  the  highly  sophisticated  continuous  work  environment  as  a 
means  of  assessing  performance.  Preliminary  findings  suggest  .hat  i* 
least  one  of  our  procedures  is  remarkably  sensitive  to  even  lol.itivei  • 
mild  sleep  loss  and  dramatically  reflects  recovery  from  fatigut'. 

The  oresent  work  steins  to  document  two  major  kinas  't  napping 
activity.  Clearly,  napping  can  sei-ve  difterent  important  tunctions  tor 
different  individuals.  These  functions  are  rellecteci  in  the  kino  .:f  physio¬ 
logical  activity  that  characterizes  the  individual's  nap  in  ihi  'and  of 
subjective  changes  that  follow  it.  Past  work  has  suggestea  that  per¬ 
formance  following  the  nap  will  similarly  show  differential  cffcctf.  It 
is  hoped  that  as  napping  patterns  are  delineated  and  circumstanci  s 
under  which  naps  are  particularly  effective  are  recognized,  it  will  beromc 
possible  to  teach  more  individuals  to  efficiently  utilize  napping  ti'  tacilltiUe 


recovery  from  fatigue. 
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FOOTNOTES 


^Most  queaiions  could  be  quantified  in  one  of  three  wav 
(a)  ciock-time  (using  the  2400  hour  system),  or  hours  and  rninutu  , , 
in  response  to  questions  about  nighttime  sleeping  and  daytime  e 
p-iiameteis;  (b)  rating  scales — usually  4-  or  5-potnt,  occasior.uii'- 
.O-poini-- m  which  the  higher  the  rating  the  more  positive,  freq^  ;i, 
.igreoable,  oi-  relevant  the  answer  to  the  question;  (c)  yes-no 
,inswers--in  which  "yes"  was  always  scored  as  "1"  and  "nc  "  as 
"0"  —  on  to  questions  describing  subjective  sleep  variables. 

In  addition,  several  open-ended  questions  were  inrlud-.'d  s. 
tli.u  subjects  could  make  additional  comments  where  appropriate, 
although  not  all  of  ttieso  lent  themselves  to  direct  quan' ito;  iV'.  arhv 

^'Wc  ji  ■  gratelul  to  Dr.  Henry  Gleitman,  University  of 
Feiinnylvani.; ,  lor  'ms  generously  allowing  ss  to  gi'’s  the  napi  nig 
cjU^Mtionnaii  e  to  his  class. 

■^.Ml  p  'alues  tiiroughout  this  report  for  t-tests  and  correlatu  . 

'll  ■  I  'v\  k  >  “  t  Ci  1 1  ( '  ( i . 

‘^Comparisons  of  all  S2  appetitive  and  209  replacement  nai  m 
(i.c.  ,  including  those  62  nappers  wlio  napped  loss  than  once  a  wee’-. 


oi  who  did  not  find  napping  satisfying)  yielded  virtually  identical 


ilillerences ,  although  several  differences  were  not  as  large  wh  .a 
only  thij  consistent  nappers  are  included. 

'This  sleep  questionnaire  designed  by  O'Uonnell  (lUnT)  i.as 
[iiovided  the  basis  for  elaboiating  some  of  our  oriemai  : e.  yoin.'oe;.. 
about  subjective  sleep  satisfaction. 

^Tho  e.'tporinienters  were  Charles  Grahamy  wr.o  eo.'  di^ct-.  c;  the 
ntroductory  interview,  Harvey  D.  Cohen,  who  compieieu  die  napp.ny 
session  and  all  of  the  associated  psychophysiologica!  pi  ..eeaeres 
and  relevant  rating  scores,  and  Frederick  J.  Evans,  who  earned  oui 
the  post-experimental  inquiry  to  confirm  the  questionnaire  subgroup 
allocation  of  the  subjects.  The  latter  two  procedures  are  described 
below.  Each  of  the  investigators  was  blind  regarding  ih.e  quouiio..- 
naire-dotermined  subgroup  membership  of  each  subject,  ana  trio.se 
investigators  had  no  access  to  the  information  gathered  during  ti. , 
other  segments  of  the  procedure  by  the  other  two  researchers. 

^For  differences  between  the  three  selected  subsainple.-:  to 
achic'-'e  similar  levels  of  significance,  comparec.  to  the  oriuiiK;: 
large  questionnaire  sample,  much  larger  mean  differences  b-  iween 
gioups  on  the  relevant  variable  were  necessary.  However,  thu 
results  reported  in  the  jmevious  section  were,  on  the-  whoIl  , 


confirmed  at  comparable  levels  of  confidence. 


The  12  iion-nappers  seemed  to  prefer  fewer  lir.u'S  of  sleep 
liiaa  the  40  nep'pers  selected  from  thi_  questionnain.  (|/  '  .01)),  e  ,• 
'lie  nappers  indicated  they  typically  noederl  more  si,  ep  (,■:  hui;!  ,  ,,  ,  ' 
i  1  rnnetes)  tl'Kia  the  non-nappers  ('/  hours  and  2  1  m;  on. 
e  .06).  The  40  nappcis  typically  felt  sleepy,  went  t,.,  -  j,  i:i.! 
isl  ■■'!  ,  earlier  than  the  12  selected  non-nnpp>.-rs ,  a.;  a'i  a.,  ... 

e  a.i  d'.C:  lemaindar  of  the  169  nappers  ;a  ti.e  engi.  j1 
samph,'.  Th('  nappers  typically  felt  sleepy  10:52  p.::,  oomp_;e  ; 

'  '  12:54  a.ni.  for  nen-napp,;rs  (t  =  3.56;  p<  .002).  Th'  V  ty,  .'h 
'*v o  t  to  i.-ed  0  12:22  a.ni.  and  fell  asleep  at  12:  ?d  a.n..  ,  c,.)n.ro:,,  ; 
In  1:09  a. in.  and  1  :o5  a.ni.  for  the  non-napp,,  rs  (t  '  2.'2-  j  ,  u2 
and  I  -  i.Oj;  p<  .01;  respectively).  In  controirt,  'here  was  les.-,  t  : 
10  minute)  difference  between  the  replacement  and  appet)t!V', ■  .-.j:  ;■ 
for  eacn  of  these  questions.  However,  the  nappers  d.u  .■■..t  ...a.  s.'n; 
receive  any  more  niglitnme  sleep  than  the  non-nar,pcrs .  ■.itr-.’  'n 
night  before  they  filled  oat  thr-  quosticmnan ■  ■,  oi  i.i  <;■  ;  i:.  T'  ■  y 

regularly  slept  for  i  hours  and  22  minutes  compart'd  to  '  noui  )  a  .  : 
13  minutes  for  the  12  non-nappers.  In  general,  these  difference 
.'ire  relatively  minor  in  view  of  the  fact  that  reported  total  ni.^i.nt 
time  is  about  the  same  for  each  subgroup. 

These  nappers  showed  an  even  greater  degree  of  voiuntaix- 
control  over  sleep  than  the  169  napper  subjects  in  the  large 
ill. 'srionnairo  sample.  There  were  also  some  minor  d.fferonco.. 


1/,  tw.'t'ti  appetitive  and  replacement  nappers  compared  to  tht  12  non 


nappers.  For  example/  among  the  appetitive  nappers  who  slept  in  the 
lab  there  was  a  significant  tendency  for  them  to  sle-’p  mort;  ofte.i  on 
plane  trips  and  at  a  play  or  the  theater  than  non-nappeis  (p  .O'); 
n  <  .002)  ! espectively/  though  this  was  not  true  in  the  larger  sample. 
.Similarly,  replacement  nappers  differed  from  the  non-nappers 
(altitouga  tiiey  h.ad  not  done  so  before)  while  reading  a  book  ip  <  .  01), 
'.v.Mle  jt  a  movie  (p  .002),  and  after  a  good  meal  (p  <  .05)  .  The 
U  iid.rMiey  tea'  t'lc  appetitive  nappers  to  fall  asleep  in  response  to 
stiess  was  much  more  pronounced  than  it  had  been  in  the  large: 
itaniph:  (p  <  .001}  p<  -05;  respectively  compared  with  noa-nappers 
and  I'lrplacemont  napj.iers) . 

T'tius,  It  would  seem  that  the  selection  criteria  lesulted  in 
...  ibjocts  who  did  not  differ  appreciably  from  subjeee^  in  ;  ne  lai'C;. 
eetuii  quost'.onnairo  sample,  except  for  tlv.jir  tendoney  to  reside  no 
:;om,'whcti.  mwio  I'Xtrcmoly  on  many  of  the  important  lorma 

variable.., . 


'^Soven  siibiects  hod  to  be  dropped  from  the  .itudy  .,eho: 
bc;t:ai:se  t  h..g  liaJ  radically  changed  their  napping  patterns  or 
frequency  between  the  completion  of  the  questionnaire  and  irn. 
subject’s  sleeping  in  the  laboratory  (which  ranged  from  about  one 
week  to  '/  months)  /  because  the  experimenter  was  unable  to  cateuoriz, 
the  subir’c'  with  confidence/  or  because  of  difficulties  in  scoring  the 


ELG  1  ecord . 


'Three?  subjects  were  classified  as  appetitive  .lauper;;  :?'/  'lie 
jLidee  but  as  replacement  nappers  on  the  basis  of  the  q aestioniia  ir  • 
iL'sponse.  In  each  instance  the  judge  indicated  that  ther,„  were 
overtones  of  both  kinds  of  napping  behavior  in  these  subjects  and  !.is 
confidence  rating  was  low.  Most  interesting  was  the  group  of  9 
suojects  who  were  categorized  as  appetitive  nappers  by  the  question- 
iiaire,  bat  who  were  rated  as  replacement  nappers  by  the  blind  judge. 
Most  of  these  subjects  were  rated  with  less  confidence  than  either 
of  the  twe  napper  groups  that  were  included  in  the  study  (jp<  .10). 
Comments  indicating  the  judge's  confusion  about  the  appropriate 
grouping,  such  as;  "witn  strong  appetitive  overtones,"  "at  first 
fairly  sure  replacement  napper,  but  as  she  talked  a  lot,  had  strong 
appetitive  ovortones--almost  convinced  me  to  change  but  stuck  to 
first  impression"  were  recorded  for  6  of  these  9  subjects  whereas 
such  comments  occurred  with  only  2  of  the  21  nappe:  subjects  where 
the  judge's  rating  agreed  with  the  questionnaire  categorization 
(£<  .  005).  The  agreement  between  the  judge's  ratings  and  the 
questionnaire  catenorization  thus  varied  from  very  high  for  the- 
iion-nappers ,  fairly  good  for  replacement  nappers,  to  lolativoly  poor 
for  appetitive  nappers.  We  do  not  believe  that  the  iwrsults  for  the 
appetitive  nappers  merely  reflect  the  low  reliability  of  questionnaire 
categonzai  ii 111  since  llo'  9  subjeerts  cateqori;'.ed  correctly  by  tin-  ludge 
turned  out  u>  be  very  diffirrcnt  physiologically  from  the  other  appetitive 


.  ippers.  \V,  :usr)..'  ;;  i  iiat  liis  p'roup  rep[<-..--;nts  a  spr  cia!  sub;:aiiip! 

.  f  iinpp'..;  .s ^  P  :  .laiuro  of  vviucli  is  ]ike]\  to  ba  Clarified  in  fcii  rf  wor,': , 

^^These  IJ  appetitive  and  ID  replacement  nappors  did  not,  ;  c 
::  /■  cicst  p.'iii,  differ  from  t'lu,  169  qualified  nappors  ..ominaiod  by  ■  . 
c;  :‘icie it'c  fioDi  whic!':  llu’y  were  selected.  Aiir.-'' nappors 
.  ctiiiv  ;  ••jporr  they  nap  significantly  moic  uoque  'itly  tnan  • -lO 
n  iacemeni  nuppor.5  (19.3  and  12.9  times  per  moi'-n,  .'e:: peClivoly; 

'  ■  2,76;  :  <  .02).  .Appetitive  nappers  were  mo;-,  idtcly  ‘o  • 
oe  Id  nap  every  day,  and  that  they  would  like  n.-  .le  aolo  ;c  sia. 
deciv  (p  <'  .05).  Although  both  groups  were  .  apabl^'  of  CC’ .  1 1  rO  d  1  :  ki 
thf'  onset  of  sleep  voluntarily  in  several  unusual  circumstances , 
ai'petiiive  nappers  were  significantly  more  able  to  fall  asleep  juring 
a  .o!ay  or  movie  than  replacement  nappers  (t  =  2.65;  p<  .02)  a:.d 
'.vere  more  able  to  fall  aslc-':'i>  i:!  response  to  ;stross  than  replacement 
ii  i  Cl'S  (i  2.08;  p<  .05).  They  were  also  able  to  fall  asleep  more 
la.'adily  at  ni  jht  (p  <  .02).  Replacement  nappers  report  that  they 
nu.'  .  ss  likely  to  nap  if  th  y  have  had  a  regular  previous  night's 
sleep  tl'.ar,  rp.j’ietit i ve  nappers  (_t  =  3.19;  p<  .001).  Similarly, 
they  repo’"t  tho-  Mm-  nap  is  significantly  more  satisfactory  if  they 
have  received  I-'s.'.  sleep  than  usual  on  the  previous  night  (j  =  3.04; 
p  <  .001),  111  ueneral,  the  small  selected  samples  b  .haved  in  much 

the  same  manner  as  the  similarly  responding  subjects  in  the  larger 


mples,  iorn.'!  ime.s  responding  a  little  bit  more  so. 


^  ^Hazards  involved  in  interpreting  small  sample  eonelations 
are  noted:  while  a  two-tailed  10  percent  significance  level  was 
takoji  into  consideration,  internal  consistencies  in  the  ciaui  were 
noLr.nt  (though  not  always  reported  throughout). 

order  to  tost  the  possibility  that  variability  rather  .;.an 
ee'cracj,  ratunns  ediaractonzed  the  subgn  '  ips,  the  staitdara 
deviat'o!,  ov^i  'nk'  15  days  for  each  subject  on  each  of  severai  vanaj:.. 
vvu:.  ilsc  used  u;  a  ineaningful  score  characterizing  the  subjects' 
Pk’ifurmance  and  slen  d  habit  variability.  In  general,  tr.i.s  va: nabilif/ 
score  on  each  question  did  not  produce  any  interesting  differen^w. 
between  groups,  and  need  not  be  discussed  further. 

*  ''A  mor '  complex  .set  of  analyses  is  required  to  ua.avt,  :  :h' 
consequences  - d  naoping  for  habitual  nappers.  It  is  necessary  to 
compki'e  dieir  .  n  'hose  nights  which  precodec  or  foll'.'wo ;; 

a  nap  comj  nre'.i  i  th'  se  lespuiises  win  :n  preceded  or  fo  lowed  a 
day  on  which  no  nap  uccuired.  Such  ar,  analysis  is,  of  course,  based 
on  the  variable  numb.ir  of  uays  lor  each  subject .  For  some  suojects 
mean  ratings  m  any  one  of  th.,-se  four  categories  are  based  on 
relatively  few  days.  Tn  the  preliminary  data  reported  (the  detailed 
analysis  has  not  been  completed)  a  subject's  averaged  response  for 
any  of  these  four  contingencies  was  excluded  if  there  were  not  at 
least  three  such  occa  sions  to  lie  averaged. 


;  .  Mor  i.:'-, Ir.  ,  B;ll  R.  Blown,  nnj  Do-mlci  L.  Cl'j 
P  r:oi'ni('ii.ce  Researc  n  L^.noin.:.';! Uni\/-^^ .s it\  of 
<■'  ilaboiaiivc  holp  ty  nicladin.'-  wur  two  'asR.-j  .  o  oc 
I- ..;i  lormn  oatiery, 

^  ’riiniinat.ioa  of  threo  subjects  'hon  .  ...dc-miba 
n'jvot  recovered  from  the  initial  combined  trial  mpanmif 
iosults  which  are  much  clearer  but  consistent  with  the  i 
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APPENDIX 


Survey  of  Subjective  Sleep  Patterns  (Napping  Questionnaire)  A-1 

Section  II  (non-nappers)  .  A-5 

Section  HI  (nappers)  .  A-9 

Patterns  of  Sleep  Questionnaire  Form  SD:  Sleep  Diary  .  .  A- 12 


Unit  for  Experimental  Psychiatry 
Institute  of  the  Pennsylvania 
Hospital 

by  Frederick  J.  Evans,  1973  UEP; 72SSSP 


Survey  of  Subjective  Sleep  Patterns 


Name: 

Date:  / 

first 

middle 

last 

Date  of  Birth: 

Sex:  Class: 

Address: 

Phone: 

People  vary  greatly  in  their  patterns  of  sleep  and  in  their  preferred  times 
for  sleeping.  We  are  interested  in  obtaining  data  on  various  patterns  of  night¬ 
time  sleep  and  also  on  the  frequency  of  ability  to  sleep  during  the  daytime.  We 
would  very  much  appreciate  your  cooperation  in  giving  us  information  on  how 
you  sleep,  when  you  sleep,  and  how  deeply  you  sleep,  by  filling  in  this 
questionnaire. 

Please  answer  each  question  by  checking  the  appropriate  description  of 
the  frequency  of  occurrence  or  by  filling  in  the  blanks  on  the  questions  which 
have  them.  There  is  room  for  general  comments  at  the  end  of  the  questionnaire. 
Please  answer  every  question. 


1 .  How  many  hours  of  sleep  did  you  have  last  night  ?  _ 

2 .  During  the  past  year,  how  many  hours  of  sleep  have  you 

regularly  had?  _ 

3  .  How  many  hours  of  sleep  would  you  like  to  have  each  nxght?  _ 

4.  How  many  hours  of  sleep  do  you  feel  you  need  each  night?  _ 

5.  Do  you  sleep  as  deeply  as  you  would  like?  Yes _ No _ 

G.  When  you  first  wake  up,  do  you  typically  feel  slow  and  lethargic?  (Yes _ 

No _ )ordo  you  typically  feel  refreshed  and  ready  to  go?  (Yes _ No _ ) 


Did  you  sleep  well  last  night? 

Yes  _ 

_ No  _ 

Do  you  usually  sleep  well? 

Yes  _ 

No 

— 

Could  you  go  to  sleep  now  if  you  had  the  time  ? 

Yes  _ 

No 

9. 


— - -  , 


z . 


iO,  Sometimes  what  people  do  before  falling  asleep  ir.lliences  how  well  they 
sleep.  Some  people  count  sheep,  others  unwind  by  reading  a  science 
fiction  novel  before  turning  off  the  light.  Some  people  llice  a  hot  dnnh, 
but  this  would  be  considered  most  undesirable  by  others.  While  rr.any 
of  us  brush  our  teeth  before  retiring,  others  may  look  under  the  bed. 

Describe  briefly  those  activities  you  typically  complete  nefore  falling  asleep 
which  you  leel  help  you  to  sleep  well.  _ _ _ 


11,  People  describe  many  personal  preferences  about  the  conditions  under  which 
they  sleep  best  (e.g.  ,  some  people  cannot  sleep  with  a  fan  blowing  or. 
them,  others  feel  they  cannot  sleep  unless  they  are  close  to  an  ■;  en 
window) . 

List  as  specifically  as  you  can  three  special  conditions  which  are  most 
likely  to  help  you  sleep  well: 


1 . 


2. 


List  three  conditions  you  sometimes  encounter  unde;  which  you  r,a\’£  a  great 
deal  of  difficu Ity  sleeping  well; 


2  . 


3  . 


f.  You  got  out  of  bed 


A-3  . 


11 .  Do  you  fall  asleep; 

a .  On  long  car  trips 

b.  While  reading  a  book 

c.  While  studying 

d.  During  a  play,  at  the  theater 

e.  On  plane  or  train  trips 

f.  While  watching  a  movie 

g.  During  lectures  and  speeches 

h.  At  times  of  stress 

i.  While  watching  TV 

j .  After  a  particularly  good  meal 

14.  Do  you  sometimes  feel  that  you 

have  slept  too  long? 

15.  Do  you  sometimes  feel  that  you 

have  not  slept  long  enough? 

16.  Do  you  walk  in  your  sleep? 

17.  Do  you  talk  in  your  sleep? 

18.  Do  you  find  sleep  satisfying? 

IS.  Do  you  have  difficulty  falling 
asleep  at  night? 

20.  Are  you  a  deep  sleeper? 

21 .  Do  you  wake  up  during  the  night? 

22.  Do  you  fall  asleep  readily? 

23.  Do  you  take  catnaps  during  the 

day? 


INSTRUCTIONS  FOR  PART  IT 


The  last  question  you  answered  read; 

23,  Do  you  take  catnaps  during  the  day? 

Your  answer  to  this  question  was;  Always 

Usually 

Sometin’.os 

Rarely 

Never 


Like  so  many  other  things,  some  people  nap  regularly,  and  others 
never  take  naps,  while  most  people  fall  somewhere  in  between--napplng  or. 
occasions  depending  on  a  variety  of  circumstances.  We  are  interested  in 
studying  some  of  the  reasons  why  some  people  nap,  but  others  do  not,  and 
what  are  some  of  the  characteristics  which  account  for  whether  people  nap. 
The  next  part  of  this  questionnaire  Is  divided  into  two  sealed  sections,  one 
colored  green,  on  pages  5-7,  and  one  colored  blue,  on  pages  8-11.  You 
should  complete  only  one  of  the  two  sections,  depending  on  your  answer  to 
question  23  regarding  napping. 

(a)  IF  you  answered  Question  23  either  Rarely  or  Never  (indicating 
that  you  rarely  or  never  take  catnaps),  you  should  turn  to  the  green  Section  II 
on  the  next  page  (page  5),  break  the  seal,  and  complete  it.  Do  not  complete 
the  blue  section  beginning  on  page  8,  and  please  do  not  break  the  seal  on 
the  blue  section.  The  information  you  are  providing,  together  with  what  you 
have  already  provided,  is  extremely  important  because  it  v/ill  be  possible 

to  determine  whether  there  are  differences  in  the  patterns  of  sleep  of  t.hose 
who  rarely  or  never  nap  compared  to  those  who  do  nap  on  at  least  .sonic 
occasions. 

(b)  IF  you  answered  Question  23  either  Always,  Usually  or  Some¬ 
times,  indicating  that  you  catnap  at  least  sometimes,  you  should  turn  to  the 
blue  Section  III  on  page  8,  break  the  seal,  and  complete  it.  Do  not  complete 
the  green  section  on  page  5,  and  please  do  not  break  the  seal  on  the  green 
Section  II  (pp.  5-7).  By  answering  the  following  questions,  we  will  learn 

a  great  deal  more  about  the  characteristics  of  napping. 

In  summary,  on  the  basis  of  your  answer  to  question  23  about  how 
often  you  nap,  determine  whether  you  should  complete  Section  II  (green)  or 
Section  III  (blue).  Complete  the  appropriate  section,  breaking  only  its  seal. 
DO  NOT  break  the  seal  of  the  section  you  do  not  have  to  complete. 


Break  the  seal  and  continue  only  if  you  answered  Question  2  3 
either  “Rarely"  or  "Never"  (indicating  you  tend  not  to  take  catnaps). 
Otherwise,  if  you  do  catnap,  turn  to  the  blue  section  (page  0). 


Section  II 


A-G, 


L.  Listed  below  are  several  reasons  why  a  person  may  rarely  or  never  nap. 
Please  check  each  reason  on  the  five  point  scale:  5  Indicating  the  reason 
quite  definitely  applies  to  you;  1  indicating  the  reason  is  largely  Irrelevant. 

Definitely  Irrelevant 

Applies 


a.  No  time  available 


b.  Napping  is  an  unpleasant  experience  . 


c.  I  do  not  have  any  need  to  nap 


d.  Napping  interferes  v/ith  my  work  (studying) 


e.  Napping  interferes  with  my  leisure 
entertainment  . 


f.  I  would  not  be  able  to  fall  asleep 


g  .  I  would  not  feel  any  better  after  napping  . . . 


h.  I  would  not  feel  any  less  tired  after  napping 


i.  If  I  napped,  I  would  not  be  able  to  sleep 
well  at  night  . . . 


j.  I  already  get  enough  sleep,  so  do  not 
need  to  nap . 

k  .  Napping  produces  unpleasant  physical 
aftereffects  . 


1.  Napping  produces  unpleasant  mental 
aftereffects  . 


m.  Resting  without  falling  asleep  is  more 
beneficial  . 


n.  Napping  is  a  sign  of  laziness 


o.  Other  reasons  (specify) 


2.  Which,  in  order  of  importance,  of  the  above  reasons,  are  your  main  reasons 

for  not  napping?  1 _ 2 _ 3 _ 

Which  of  the  above  reasons  are  least  Important?  1 _ 

2  3 


3.  V/as  there  a  period  of  time  when  you  did  take  naps  at  least  sometia.es  ? 
Yes _  No _ When? _ 


4. 


a. 

b. 


c. 

d. 


What  time 

What  time 

What  time 

What  time 
sleep  ? 


of 

of 

of 

of 


the  day  do  you  usually  feel  most  alert  and  awaKe? 
the  day  do  you  usually  feel  most  tired  and  sleepy? 
the  day  do  you  feel  you  work  most  efficiently? 
the  24  hour  day  would  you  most  prefer  to  go  to 


am/pm 

! 

1 

i 

— 

_ J 

5.  Under  what  ideal  conditions  would  you  be  most  likely  to  nap? 


6.  What  do  you  think  are  the  main  differences  between  naps  and  regular  sleep? 


7 .  In  what  other  ways  do  you  think  a  person  who  regularly  naps  might  differ 
from  a  person  who  never  naps? _ 


8.  In  our  attempts  to  explore  the  characteristics  of  napping  and  nonnapping 
behavior,  we  have  undoubtedly  failed  to  mention  several  aspects  of 
your  own  behavior  and  thoughts  about  the  topic.  Any  'ther  comments 
that  you  feel  might  be  relevant  would  be  extremely  valuable  to  us . 


A-&. 


Break  the  seal  and  continue  only  if  you  answered  Question  2  3 
either  "Always,  "  "Usually"  or  "Sometimes"  (indicating  you  do  take 
catnaps  on  at  least  some  occasions). 


J---  J 


1. 

2. 

3. 

4. 

5. 

6 . 
7. 

6. 

o  _ 

10, 

11, 

12, 

13, 

14, 

15, 


Section  III 


How  often  do  you  take  naps?  j _ j  per 

When  did  you  last  nap?  Day _ 


month 


□ 


per  weeK 


Time  from; 


until: 


What  time  of  the  day  do  you  prefer  to  nap? 

What  time  of  the  day  do  you  least  like  to  nap? 

What  time  of  the  day  do  you  feel  most  tired  and  sleepy? 

What  time  of  the  day  do  you  feel  most  alert  and  awake? 

V/hat  time  of  the  day  do  you  feel  you  work  most  efficiently? 


How  long  would  the  ideal  nap  last  for  you? 

V/hat  is  the  longest  period  of  time  you  nap  ? 

What  is  the  shortest  period  of  time  you  nap? 

When  napping,  how  long  does  it  take  to  fall  asleep? 

When  you  do  nap,  how  long  does  it  typically  last ? 

How  long  after  you  awaken  in  the  morning  does  it  take 
before  you  are  ready  to  take  a  nap? 

How  long  before  you  plan  to  go  to  bed  for  the  night  would 
be  the  minimum  time  you  would  plan  not  to  take  a  nap? 

Check  which  of  the  following  alternatives  you  think  you 
would  prefer: 


i,  A  regular  (8  hours  or  so)  continuous  night's  sleep 

ii.  Several  short  naps  throughout  the  24  hour  day 
when  you  felt  tired . 


A-  10  . 


16.  Could  you  fall  asleep  and  nap  every 

day  if  you  had  the  time? 

17.  Would  you  like  to  be  able  to  nap 

regularly  in  the  daytime? 

18.  Do  you  find  that  naps  are  generally 

very  satisfying? 

19.  Do  most  of  your  naps  occur  "acci¬ 

dentally"  or  involuntarily  (e.g. , 
while  reading,  watching  TV,  etc)? 

20.  Do  you  voluntarily  like  to  nap  when 

you  have  the  time? 

21.  Would  you  like  to  have  the  chance 

to  nap  more  often  than  you  do? 

22 .  Do  you  awaken  from  a  nap  feeling 

more  weary  and  tired  than  when 
you  fell  asleep? 

23.  Does  napping  improve  your  ability 

to  work  (at  a  task,  study,  etc.) 
when  you  awaken? 

24.  Does  napping  improve  your  ability 

to  concentrate  after  you  awaken? 

25.  Are  you  less  likely  to  nap  if  you 

got  a  regular  night's  sleep  the 
previous  night? 

26.  Is  a  nap  more  satisfying  if  you  re¬ 

ceived  less  than  a  regular 
night's  sleep  the  night  before? 

27 .  Do  you  nap  even  when  you  do  not 

feel  very  tired  ? 

28.  Could  you  nap  almost  any  time 

during  daytime  hours  ? 


Defi¬ 

nitely 

YES 

Pos¬ 

sibly 

YES 

Pos¬ 

sibly 

NO 

Defi¬ 

nitely 

NO 

♦ 

1 

1 

1 

j 
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>1 

.  29.  What  are  the  conditions  under  i^ich  you  are  most  likely  to  nap? 


; 


30.  Do  you  sometimes  feel  that  a  nap  was  not  very  refreshing,  and  that 

perhaps  you  wish  you  had  not  napped? _ If  Yes ,  what  is 

it  about  the  circumstances  that  leads  you  to  think  so;  why  do  you 
think  some  naps  are  like  this?  _ 


31 .  What  do  you  find  are  the  main  differences  between  regular  sleep 
and  naps?  _ 


32.  In  our  attempts  to  explore  the  nature  of  napping,  we  have  undoubtedly 
failed  to  mention  several  aspects  of  your  own  napping  behavior. 

Any  other  comments  that  are  relevant  to  naps  that  you  take  would  | 

be  extremely  valuable  for  us.  _ _  1 


L.  . 


Unit  for  Exporimontal  r'l  yciijatry 
Institute  of  tht-  Fc'nnsy Ivaiiia 
Hospital 

Emily  Carota  Orne,  1  973  Patterns  of  Sleep  Questionnaire 

Form  SD:  Sleep  Diary 


L'r:P:3'4-PAS-iJ^ 


Nam'-: _ 

First 


_ Day; 

Iviiddle  Last 


Date: _ /'  / 


Time  of  day: _ 

hour  a  .  m .  or  p .  m .  V 


Instructions: 

People  vary  greatly  in  their  patterns  of  sleep  and  in  their  preferred 
times  for  sleeping.  We  are  interested  in  obtaining  data  on  various  patterns 
of  nighttime  sleep  and  also  on  the  frequency  of  the  ability  to  sleep  during  the 
daytime.  You  have  previously  completed  a  questionnaire  regarding  your 
general  sleep  patterns  and  we  would  very  much  appreciate  your  cooperation 
in  giving  us  further  information  regarding  how  you  slept  last  night  by  filling 
in  this  questionnaire. 

For  consistency  of  the  data  it  would  be  helpful  if  you  could  complete 
the  diary  as  soon  after  getting  up  in  the  morning  as  possible.  Most  people 
find  that  keeping  the  sleep  diary  on  a  small  table  or  chair  close  to  the  bed 
aids  in  reminding  them  to  answer  the  sleep  diary  questions  upon  arising  for 
the  day. 


Please  answer  each  question  by  checking  the  appropriate  description 
of  the  frequency  of  occurrence  or  by  filling  in  the  blanks  on  the  questions 
which  have  them.  There  is  room  for  general  comments  near  the  end  of  the 
questujnnaire.  Please  answer  every  question. 


1 .  How  sleepy  are  you  now? 


very  sleepy _ drowsy _ ^normally  tired  for  this  time  of  day 


in  a  normal  wake  state _ wide  awake,  too  awake  to  sleep 

2  .  Did  you  sleep  well  last  night? _ 


3  .  How  deeply  did  you  sleep  last  night? 
very  lightly; 

as  lightly  as  . 

1  have  ever  12345 
slept. 


very  deeply; 

j _ y  as  deeply  as 

9  10  1  have  ever 

slept. 


6  7 


8 


A-n. 


4. 


5. 


6. 

7. 

8. 

9. 


10. 


11, 

12. 

13. 


14. 


15. 
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What  time  did  you  wake  up  this  morning? 

What  time  did  you  get  up  this  morning? 

What  time  did  you  go  to  bed  last  night?  _ 

hour  a . m  .  or  p .m .  ? 

Approximately  what  time  did  you  go  to  sleep?  _ 

hour  a .  m .  or  p ,  m .  1* 
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hour 

a.m.  or  p.m.  ? 

hour 

a.m.  or  p  . m .  ? 

About  how  long  did  it  take  you  to  fall  asleep  last  night?  _  _ 

hours  minutes 

a.  Did  you  wake  up  during  the  night?  yes  Q  no  b.  How  many 
times? _  c.  Roughly  how  long  each  time?  _ 

a.  Did  you  get  up  during  the  night”  I  I  yes  □  no 

b.  How  long?  _  _ 

hours  minutes 


How  many  hours  did  you  sleep  last  night?  _ 

a.  Did  you  dream  last  night”  I  I  yes  □  no  b.  If  so,  do  you  recall 
the  general  content  of  any  of  the  dreams  ?  yes  □  no 


Have  you  taken  any  medications  in  the  past  12  hours  (e.g.,  No-Doz, 
Darvon,  aspirin,  cold  pills,  penicillin.  Codeine,  hayfever  pills,  etc.)? 

Please  list: _ 


Did  you  perform  any  special  or  any  more  than  usual,  physical  exercise 

yesterday — ^ven  if  only  for  a  short  time?  LD  □  no  If  yes , 

please  describe  briefly: _ 

Time  of  Day;  from  _ _ to  _  _ 

hour  a.m.  orp.m.?  hour  a.m.  orp.m.? 

Did  you  concentrate  especially  hard,  oi  more  than  usual,  on  any  special 
task  yc  iay  ?  j _ |  yes  |  1  no  If  yes,  please  describe  the  task  briefly; 


1 .  Whe;.  yesterday  did  you  feel  most  tired? 


11  i  the  tiredness  last? 


hour  a.m.  or  p.m.  ? 


hours  minutes 

!  .  T,  rung,  afternoon  and  evening  separately,  please 
'i-  '’Ply  what  time  you  felt  tiredcst,  and  how  long  the 


A  ftPrr.  H  ,r, 


Evening 


tr  rr. 


to 
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17. 


18. 


At  any  time  yesterday  did  you  have  the  impression  that  you  were  "fighting 
off"  sleep  or  that  your  eyes  kept  closing  “against  your  will"?  I  I  yes  I  !  no 
b.  If  yes  ,  approximately  when? 

hour  a .  m .  or  p .  m .  V 

a.  At  anytime  yesterday,  were  you  ever  so  tired  that  you  had  difficulty  con¬ 
centrating  on  a  task  which  you  were  trying  to  accomplish?  I _ i  yes  | _ I  no 

b.  If  yes  ,  from;  _ _ to _ : _  _ 

a.m.  or  p.m.  ? 


Please  describe  briefly  the  task: 


19.  a.  Did  you  take  any  naps  yesterday? _  b.  If  so,  how  many? 


c.  How  long?  from _ ; _ to _ : _ 

e.m.  orp.m.?  a.m.  or  p.m.? 

d.  How  did  you  feel  when  you  got  up? _ 

e.  Was  the  nap  a  good  one?  I _ ,  yes  j _ no 


20.  During  what  time  period  yesterday  did  you  feel  the  most  awake? 

from;  _ _ to _ _  _ 

a.m.  or  p .  m .  ? 

21 .  Approxlniately  how  many  hours  yesterday  were  you 

in  classes  _ _  studying _  at  work _ 

TT  hours  hours  hours 

other _ tasks  or  activities  requiring  concentration _ 

please  specify  briefly  -'i  hour; 


22.  Additional  comments  regarding  your  sleep  last  night  or  about  your  wake¬ 
fulness  or  drowsiness  yesterday. 


23.  How  sleepy  are  you  right  now? 


wide  awake; 
absolutely  no 
desire  to 
sleep  or  rest 


J _ L 

2  3 


J _ L. 

4  5 


6 


the  need  for 
sleep  is  over- 
whelming:  sleep 
is  unavoidable 


24.  Could  you  go  to  sleep  now  if  you  had  the  time?  □  yes  □  no 
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